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used to transfect only a limited number of cells and cannot be used to transfect 
cells which aze not first removed from the body. 

Retroviruses, adenoviruses and liposomes have been used in animal 
model studies in attempts to increase the efficiency of gene transfer; DNA has 

5 been introduced into animals by intratracheal (TT), intravenous, intraperitoneal, 

jnt^nrngffiiigr, and intraarterial injection. Expression of introduced genes, either 
complexed to canonic vectors or packaged in adenoviral vectors has been 
demonstrated in the lungs of rodents after IT instillation. However, IT injection is 
invasive and produces a non-uniform distribution of the instilled m a teri al; it also is 

10 too invasive to be performed repeatedly in humans. It therefore would be of 

interest to develop a non-invasive delivery technique which also results in deeper 
penetration of material into the lung than other methods, and can be used to 
deposit material evenly throughout the airways and alveoli. Such a delivery 
technique could be used as a means of treatment for genetic disorders, particularly 

15 of the lung, via generalized transgene expression in lung cells in vivo. 



Relevant Literature 

Hazinski, etal,Am.J. Respir. Cell Mot Biol. (1991) 4:206-209, 
relates to liposome-mediated gene transfer of DNA into the intact rodent lung. 
- 20. Three fusion gene constructs were complexed to canonic liposomes in c l u din g (1) 
the (^ramphenicol ac^ltransferase ("CAT") gene linked to a Rous sarcoma 
virus ("RSV") promoter, (2) the CAT gene linked to a mouse mammary tumor 
virus ("MMTV") promoter; and (3) a cytomegalovirus-/S-galactoadase ("CMV-/3- 
gaT) fusion gene. The liposome/DNA complexes were instilled into the cervical 
25 trachea of rats and detectable levels of gene expression observed. 

Brigham a aL, Am. J. Med. ScL (1989) 291:278-281, describes the 
in yivo transfection of murine lungs with the CAT gene using a liposome vehicle. 
Xransfection was accomplished by intravenous, intratracheal or intraperitoneal 
injection. Both intravenous and inliatracheal adm^ 
30 expression of the CAT gene in the lungs. However, intraperitoneal administration 

did not S§e, also Werthers, Clinical Research (1991) 22: (Abstract). 
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Canonico etal.,Oin. Res. (1991) 22:219A describes the expression 
of the human a-1 antitrypsin gene, driven by the CMV promoter, in cultured 
bovine lung epithelial cells. The gene was added to cells in culture using canonic 
liposomes. The experimenters also detected the presence of a-1 antitrypsin in 
histological sections of the lung of New Zealand white rabbits following the 
intravenous delivery of gene constructs complexed to liposomes. Yoshimura et al. 
disclose expression of the human cystic fibrosis transmembrane conductance 
regulator gene in mouse lung after intratracheal h p osome -DNA gene transfer. 
Wolff et al. , Science (1990) 242:1465-1468 relates to direct transfer of the CAT, 
0-gal and luciferase genes into mouse skeletal muscle in vivo. Gene expression 
was observed in all three cases. Nabel et al., Science (1990) 249:1285-1288, 
pertains to in vivo intra-arterial transection of pigs with liposomes containing a /?- 
gal expression plasmid. Site-specific gene expression was observed in the arterial 
wall. None of the above cited art, however, practices or teaches the use of 
aerosol administration to deliver genes directly to the lung. An example of a 
review article of human gene therapy procedures is: Anderson, Science (1992) 
256:808-813. 

PCT/US90/01515, having International Publication No. WO 
90/11092, describes a method for introducing naked DNA into muscle tissue. 
Debs et al. disclose pentamidine uptake in the lung by aerosolization and delivery 
in liposomes. Am Rev Respir Dis (1987) 135: 731-737. 
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SUMMARY 

Methods and compositions axe provided for producing a mammal 
which comprises an exogenously supplied nucleic acid in its lung cells. The 
method includes the steps of preparing a lipid carrier-nucleic acid mixture suitable 
5 far nebulizatian, nebulizing the mature, and depositing the resulting nebulized 
mixture in the hmg of a mammalian host of interest in an amount sufficient to 
transform cells contacted by the deposited nebulized mixture. The exogenously 
supplied nucleic acid generally is provided in an expression cassette and includes a 
coding sequence operably joined to transcriptional and translafional regulatory 
10 sequences functional in the mammal. The methods and compositions find use 

particularly for in vivo gene therapy of pulmonary disorders. 

"BRIEF DESCR IPTION OF THE FIGURES 
Figure 1 demonstrates that aerosol administration of pRSV-CAT- 

15 DOTMA: cholesterol complexes resulted in expression of the CAT gene in mouse 
lungs. Lanes 1-3 were derived from mice receiving no treatment; lanes 4-6 
represent mice administered 0.5 mg pRSV-CAT with 1.0 pinole DOTMA- 
cholesterol liposomes; lanes 7-9 were derived from mice receiving 2.0 mg pRSV- 
CAT alone; and lanes 10-12 represent mice given 2.0 mg pRSV-CAT with 4.0 

20 ftmol DOTMA-cholesterol liposomes in a 2 to 1 molar ratio. The CAT gene is 

not normally present in mammalian cells; lanes 10-12 show spots indicative of 
CAT activity (the positive spots in lanes 10-11 are faint and do not reproduce well 
in the figure). The results thus indicate that the lung was successfully transfected 
by the pRSV-CAT DOTMA-cholesteroLliposome aerosol. The results also show 

25 that neither aerosol administration of the pRSV-CAT alone, nor a lower aerosol 

dose of pRSV-CAT: DOTMA-cholesterol complexes produce detectable expression 
of the CAT gene in mouse lungs. Thus, both the cationic liposome carrier, and a 
sufficient dose of DOTMAihposome-RSV-CAT DNA complexes are required to 
prodvcy- transgena expression in the hmg after aerosol adnunistration. Maximum 

30 transgene expression is achieved by complexing the liposomes and DNA together 
at an appropri ate ratio and in an appropriate diluent. 
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Figure 2 shows the results of an experiment where mice were 
administered 12 mg of pOS-CAT complexed to 24 pmoles of DOTMA/DOPE 1:1 
liposomes. Lanes 1-3 show the results from animals administered the aerosol in 
an Intox-designed nose-only aerosol exposure chamber, lanes 4-7 are derived from 
mice exposed to the aerosol in a modified mouse cage; and lanes 8-10 show the 
results from animals placed in a smaller modified cage after being put in 
restnriners originally constructed for use m1he Intra chamber. 
Jjgurc 3 shows construction of pZN13. 
Figure 4 .shows construction of pZN29. 
Figure 5 shows construction of pZN32. 

Figure 6 shows the results of immunostaining for intracellular CAT 
protein in lung sections from mice sacrificed 72 noun after receiving an aerosol 
containing 12 mg of pOS-CAT plasmid complexed to 24 pmols of 
DOTMArDOPE liposomes (A,B,C,D), or from untreated mice (E,F). The section 
shown in d was treated with normal rabbit serum in place of anti-CAT antibody. 
Magnification: A,D (x 50); B,C,E (x 250). 

Figure 7 shows CAT activity in lung extracts from mice sacrificed 
72 hours after receiving an aerosol containing either 12 mg of CMV-CAT plasmid 
alone or 12 mg of CMV-CAT plasmid complex to 24 /xmols of DOTMA.DOPE 
(1:1) liposomes. Untreated mice were also assayed. 

Figure 8 shows (A) CAT activity in lung extracts from mice 
sa crif iced from one to twenty-one days after receiving an aerosol containing 12 mg 
of pCIS-CAT plasmid complexed to 24 /xmols of DOTMA:DOPE liposomes; and 
(B) shows CAT activity in several different tissue extracts from mice and indicates 
that expression of the transgene is lung-specific after aerosolization of DNA- 
liposome complexes into normal mice sacrificed at the three day time point in Fig. 
8A. Control extract contains purified CAT enzyme. 

Figure 9 shows Southern blot hybridization of genomic DNA from 
the lungs of mice sacrificed immediately after receiving an aerosol containing 12 
mg of pOS-CAT plasmid complexed to 24 /xmols of DOTMA:DOPE liposomes 
Ganes 1-4, 6-9) and from an untreated control mouse (lane 5). Samples were 
digested with the restriction enzyme HmtiXQ. and probed with a 1.6 kb CAT 
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fragment (upper panel). The same membrane was hybridized with a 1.1 Id) BSU 
36-1 single copy probe tram a mouse factor VELA genomic clone (lower panel). 

Hgur& 10 shows photomicrographs of frozen sections from lungs of 
control mice (Figures 10B and 10D) and mice treated with pZN32 complexed to 
5 DDAB:cholesterol (1:1) liposomes (Figures 10A, 10C, and 10E). 

Figure 11 shows a full restriction map for HCMV (Towne) of the 
nBinwfate Mriy enhancer and piumuler g gmnxrf ECMV (Towne) in Figure 11A 
and HCMV(AIH69) in Figure 11C. Figure 11B shows a sequence comparison of 
the 2 HCMV promoters. The position of the Ncol site is indicated by an asterisk. 

10 

pTrerBTPTTON OF TH R SPECIFIC EMBODIMENTS 
In accordance with the subject invention, nucleic acid constructs 
together with methods of preparation and use are provided which allow for in vivo 
modulation of phenotype and/or genotype of cells in the respiratory tract of a 

15 mammalian host following delivery of a sufficient dose of a lipid carrier-nucleic 

arid aerosol to the host mammal to provide for transfection of host lung cells. 
The lipid carrier-nucleic acid aerosol is obtained by nebulization of a lipid carrier- 
nucleic arid sample mixture prepared in a biologically rompatible fluid that 
miTfflniwg aggregation nf the lipid carrier-nucleic arid complexes. The methods 

20 and compositions can be used to produce a mammal comprising an exogenously 

supplied gene in lung tissue, particularly alveolar and airway passage cells. 

Central to the present invention is the discovery mat genes can be 
delivered to the lung via aerosol adroinistration, and subsequently expressed in 
Vivo. The instant invention takes advantage of the use of lipid carriers as a 

25 delivery mechanism. Lipid carriers are able to stably bind through charge 

interactions or entrap and retain nucleic arid and permit a system amenable to 
nebulization, whereby intact genes can be delivered to specific pulmonary tissues. 
Lipid carriers include but are not limited to liposome and micelles, as well as 
teodegradable catiomc com 

30 particularly alkylphosphoglycerides. Particular sites in the lung are targeted by 

varying the size of the aerosol particles administered, as discussed more fully 
below. Targeting agents, such as antibodies directed against surface antigens 
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expressed on specific pulmonary cell types, can also be covalently conjugated to 
the lipid earner surface so that nucleic acid can be delivered to specific cell types. 
Lipid carriers also allow for die delivery of relatively large amounts of nucleic 
acid, without a toxic effect, such that therapeutically effective amounts of the 
5 desired protein can be expressed in vivo. For a review of the use of liposomes as 

carriers for delivery of nucleic acids, sk, Hug and Sleight, Biodmru Biqphys. 
Acta. (1991) 1097 :1-17: Strauhingerif i£, in Methods of Eizzymology (1983), 
VoL 101, pp. 512-527. 

Lipid carriers, particularly liposomes, have been used effectively, 

10 particularly to introduce drugs, radiotherapeutic agents, enzymes, viruses, 

transcription factors and other cellular effectors into a variety of cultured cell lines 
and animals. In addition, successful clinical trials examining the effectiveness of 
liposome-mediated delivery of small drug molecules and peptides which act 
extiacdlularly have been reported. However, while the basic methodology for 

15 using liposome-mediated vectors is well developed and has been shown to be safe, 

the technique previously has not been developed for aerosolized delivery of nucleic 
acid to pulmonary tissue for in vivo gene therapy. By in vivo gene therapy is 
meant transcription and/or translation of exogenously supplied nucleic acid 
sequences to prevent, palliate and/or cure animal or human disease. 

20 In addition to the discovery that transformation of lung cells can be 

obtained using aerosolized lipid carrier-nucleic acid complexes, several factors 
have been identified that can affect the relative ability of particular lipid carrier- 
nucleic acid complexes to provide transformation of lung cells following 
aerosolized delivery of a solution containing the lipid carrier-nucleic acid 

25 constructs and to achieve a high level of expression where that is the desired 

endpoint These factors include (1) preparation of a solution that prior to or 
during nebulization will not form macroaggregates and wherein the nucleic acid is 
not sheared into fragments and (2) preparation both of lipid carriers and of 
expression constructs that provide for predictable transformation of host lung cells 

30 following aerosolization of the lipid carrier-nucleic acid complex and 

administration to the host animal. Other factors include the lipid carriennucleic 
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acid ratio in the solution for nebulization and the diluent used to prepare the 
solution. These factors are discussed in detail below. 

Aerosol delivery of nucleic acid-lipid carrier complexes provides a 
number of advantages over other modes of administration. For example, aerosol 
5 administration can serve to reduce host toxicity. Such an effect has been observed 

with the delivery of substances such as pentamidine and cytokines, which can be 
Jnghiy laxic when delivered systematically, but are well tolerated when 
aerosolized. Additionally, the results in rodents with aerosolized pentamidine 
accurately predicted results in human patients with AIDS treated with aerosolized 
10 pentamidine. See , for example, Dd>s et aI.,Antimicrob. Agms Qiemother. 

(1987) 21:3741; Debs et oL, Amer. Xev. Sespir. Dis. (1987) 125:731-737; Debs 
etd.,J. Immunol (1988) 140:3482-3488: Montgomery et a!., Lancet (1987) 
11:480483; Montgomery et oil, Chest (1989) 25:747-751; Leoung et al, N. Eng. 
/. Med. (1990) 323:769-775. Additionally, rapid clearance of circulating 

15 liposomes by the liver and spleen reticuloendothelial system is avoided, thereby 

allowing the sustained presence of the administered substance at the site of 
interest, the lung. Serum induced inactivation of the therapeutic agent is also 
reduced. This method of transfecting lung cells also avoids exposure of the host 
mammal's gonads, thus avoiding transfection of germ line cells. 

20 Other advantages of the subject invention include ease of 

administration Le., die host mammal simply inhales the aerosolized lipid carrier- 
nucleic acid solution into the intended tissue, the lung. Further, by varying the 
size of the nebulized particles some control may also be exercised over where in 
the lung die aerosol is delivered. Delivery may be extended over a long time 

25 period. Thus, there is a significant increase in the time period that target cells are 

exposed to the expression constructs. Distribution of die aerosol is even 
throughout areas of the lung accessible to the spray. These advantages are 
significant, particularly when compared to other routes of administration such as 
intratracheal delivery which is invasive, the expression constructs are delivered in 

30 a bolus which may disrupt the mucous barrier and additionally may result in 

pooling of the introduced fluid in areas of die lung at lower elevation. Further, 
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damage from insertion of the intratracheal tube may alter the ability of cells 
coming into contact with the expression constructs to be transfected. 

The type of vector used in die subject application may also be an 
advantage. For example, most gene therapy strategies have relied on transgene 
5 insertion into retroviral or DNA virus vectors. Potential disadvantages of 

retrovirus vectors, as compared to the use of lipid earners, include the limited 
ability of retroviruses to mediate in vivo (as opposed to ex vivo) transgene 
expression; the inability of retrovirus vectnra tn transfer* nftn -rfivif i^g f^fo 
possible recombination events in replication-defective retrovirus vectors, resulting 

10 in infectious retroviruses; possible activation of oncogenes or inhibition of tumor 

suppressor genes due to the random insertion of the transgene into host cell 
genomic DNA; size limitations (less than 15 kb of DNA can be packaged in a 
retrovirus vector, whereas lipid carriers can be used to deliver sequences of DNA 
of St 2S0 ld> to mammalian cells) and potential immunogenicity of the viral 

IS vectors leading to a host immune response against the vector. In addition, all ex 

vivo approaches require that the cells removed from die body be maintained in 
culture for a period of time. While in culture, cells may undergo deleterious or 
potentially dangerous phenotypic and/or genotypic changes. Adenovirus and other 
DNA viral vectors share several of the above potential limitations. Particularly 

20 for human use, but also for repeated veterinary use, biodegradable lipid carriers 

may be used which are metabolized by the host mammal to naturally occurring 
compounds that are non-toxic to the host and/or are readily excreted. 

The nucleic acid constructs generally will be provided as expression 
cassettes which will include as operably linked components in die direction of 

25 transcription, a transcriptional initiation region, a nucleic acid sequence of interest 

and a transcriptional termination region wherein the transcriptional regulatory 
regions are functional in the mammalian host lung cell. An intnm optionally may 
be included in the construct, preferably ^ 100 bp and placed 5' to the coding 
sequence. Generally it is preferred that the construct not become integrated into 

30 the host cell genome and it is introduced into the host as part of a non-integrating 

expression cassette. A coding sequence is "operably linked to" or "under the 
control or transcriptional and/or translational regulatory regions in a cell when 
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DNA polymerase will bind the promoter sequence and transcribe the coding 
sequence into mRNA, either a sense strand or an antisense strand. Thus, the 
nucleic acid sequence includes DNA sequences which encode polypeptides which 
are directly or indirectly responsible for a therapeutic effect, as well as genes 
5 coding for active nucleotide sequences such, as antisense sequences and ribozymes. 

The constructs for use in the invention include several forms, depending 
rnpon the intended use of llbe construct Thus, the constnicts inclijde vectors, 
trancriptional cassettes, expression cassettes and plasmids. The transcriptional and 
t ranslafinnal initiation region (also sometimes referred to as a "promoter,"), 
10 preferably comprises a transcriptional initiation regulatory region and a 

translational initiation regulatory region of untranslated 5' sequences, "ribosome 
binding sites," responsible for binding mRNA to ribosomes and translational 
initiation. It is preferred mat all of the transcriptional and translational functional 
elements of the initiation control region are derived from or obtainable from the 
15 same gene. In some embodiments, the promoter will be modified by the addition 

of sequences, such as enhancers, or deletions of nonessential and/or undesired 
sequences. By "obtainable" is intended a promoter having a DNA sequence 
sufficiently similar to that of a native promoter to provide for the desired 
specificity of transcription of a DNA sequence of interest R includes natural and 
20 synthetic sequences as well as sequences which may be a combination of synthetic 

and natural sequences. 

For the transcriptional initiation region, or promoter element, any region 
may be used with the proviso that it provides the desired level of transcription of 
the DNA sequence of interest The transcriptional initiation region may be native 
25 to or homologous to the host cell, and/or to the DNA sequence to be transcribed, 

or foreign or heterologous to the host cell and/or the DNA sequence to be 
transcribed. By foreign to the host cell is intended that the transcriptional 
initiation region is not found in the host into which the construct comprising the 
transcriptional initiation region is to be inserted. By foreign to the DNA sequence 
30 is intended a transcriptional initiation region that is not normally a«nn>tH with 

the DNA sequence of interest Efficient promoter elements for transcription 
initiation include the SV40 (simian virus 40) early promo ter , theRSV (Rous 
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sarcoma virus) promote, the Adenovirus major late promote, and the human 
CMV (cytomegalovirus) immediate early 1 promoter. 

Inducible promotes also find use with the subject invention where it is 
desired to control the timing of transcription. Examples of promoters include 
those obtained from a ^interferon gene, a heat shock gene, a metaUothionein gene 
or those obtained from steroid hormone-responsive genes, including insect genes 
such as that encoding the ecdysone receptor. SmA inducible promoters can be 
*sed to regulate transcription of the transgene by the use of external stimuli such 
as interferon or glucocorticoids. Since the arrangement of eukaryotic promoter 
elements is highly flexible, combinations of constitutive and inducible elements 
also can be used. Tandem arrays of two or more inducible promoter elements 
may increase the level of induction above baseline levels of transcription which 
can be achieved when compared to the level of induction above baseline which can 
be achieved with a single inducible element 

Generally, the regulatory sequence comprises DNA up to about 1.5 Kb 5' 
of the transcriptional start of a gene, but can be significantly smaller. This 
regulatory sequence may be modified at the position corresponding to the first 
codon of the desired protein by site-<iirected mutagenesis (Kunkel TA, 1985, Proc. 
Natl Acad. Sri. (USA), 32:488-492) or by introduction of a convenient linker 
oligonucleotide by ligation, if a suitable restriction site is found near the 
N-teminal codon. In the ideal embodiment, a coding sequence with a compatible 
restriction site may be ligated at the position corresponding to codon #1 of the 
gene. This substitution may be inserted in such a way that it completely replaces 
the native coding sequence and thus the substituted sequence is flanked at its 3' 
end by the gene terminator and polyadenylation signal. 

Transcriptional enhancer elements optionally may be included in the 
expression cassette. By transcriptional enhancer elements is intended DNA 
sequences which are primary regulators of transcriptional activity and which can 
act to increase transcription from a promoter element, and generally do not have to 
be in the 5' orientation with respect to the promoter in order to enhance 
transcriptional activity. The combination of promoter and enhancer element(s) 
used in a particular expression cassette can be selected by one skilled in the art to 
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maximize specific effects. Different enhancer elements can be used to produce a 
desired level of tiansgene expression in a wide variety of tissue and cell types. 
For example, the human CMV ijnmpdint* early promoter-enhancer element can be 
used to produce high level transgene expression in many different tissues in vivo. 
5 Examples of other enhancer dements which confer a high level of 

transcription on linked genes in a number of different cell types from many species 
include enhancers imm SV40 and RSV-LTR. lie SV40 and RSV-LXR are 
essentially constitutive. They may be combined with other enhancers which have 
specific effects, or the specific enhancers may be used alone. Thus, where specific 

10 control of transcription is desired, efficient enhancer elements that are active only 

in a tissue-, developmental-, or cell-specific fashion include immunoglobulin, 
intedeukin-2 (IL-2) and fl-globin enhancers are of interest Tissue-, develop- 
mental-, or cell-specific enhancers can be used to obtain transgene expression in 
particular cell types, such as B-lymphocytes and T-lymphocytes, as well as 

15 myeloid, or erythroid progenitor cells. Alternatively, a tissue-specific promoter 

such as that derived from the human cystic fibrosis transmembrane conductance 
regulator (CFTR) gene can be fused to a very active, heterologous enhancer 
element, such as the SV40 enhancer, in order to confer both a high level of 
transcription and tissue-specific transgene transcription. In addition, the use of 

20 tissue-specific promoters, such as LCK, may allow targeting of transgene 

transcription to T lymphocytes. Tissue specific transcription of the transgene may 
be important, particularly in cases where the results of transcription of the 
transgene in tissues other than the target tissue would be deleterious. 

Tandem repeats of two or more enhancer elements or combinations of 

25 ftfihanrar element* may significantly increase transgene expression when compared 

to the use of a single copy of an enhancer dement; hence enhancer elements find 
use in the expression cassette. The use of two different enhancer elements from 
the same or different sources flanking or within a single promoter can in some 
cases produce transgene expression in each tissue in which each individual 

30 enhancer acting alone would have an effect, thereby increasing the number of 

tissues in which transcription is obtained. In other cases, the presence of two 
different enhancer elements results in silencing of the enhancer effects. Evaluation 
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of particular combinations of enhancer elements for a particular desired effect or 
tissue of expression is within the level of skill in die art Although generally it is 
not necessary to include an intron in the expression cassette, an intron comprising 
a 5' splice site (donor site) and a 3' splice site (acceptor site) separated by a 
5 sufficient intervening sequence to produce high level, extended in vivo expression 

of a transgene administered iv or ip can optionally be included. Generally, an 
intervening sequence of about lflObp produces ihe desired expresaon pattern 
and/or level, but the size of the sequence can be varied as needed to achieve a 
desired result The optional intron placed 5' to the coding sequence results in high 

10 level extended in vivo expression of a transgene administered iv or ip but generally 

is not necessary to obtain expression. Optimally, the 5' intron specifically lacks 
cryptic splice sites which result in aberrantly spliced mRNA sequences. If used, 
the intron splice donor and splice acceptor sites, arranged from 5' to 3' 
respectively, are placed between the transcription initiation site and the 

IS translational start codon as diagrammed in (1), below. 

Consensus sequences for the 5' and 3' splice sites used in RNA splicing 
5' exon intron 3' ©ton 1 



T r 



C A ^ UUUUUUUUUUUC G (1) 

20 5' — or A G HH or AG U orororororororororororN or ||g or — 3' 

A G CCCCCCCCCCC U A 



25 



consensus sequence for consensus sequence for 3' splice site 

5' splice site ("donor site") ("acceptor site") 



1 The sequence given is that for the RNA chain; the needy invariant GU and AG dimicleotides at 
either end of the intron are shaded. 

30 

Alternatively, the intervening sequence may be placed 3' to the 
translational stop codon and the transcriptional terminator or inside the coding 
region. The intron can be a hybrid intron with an intervening sequence or an 
intron taken from a genomic coding sequence. An intron 3' to the coding region, 
35 a 5* intron which is of less than 100 bp, or an intron which contains cryptic splice 

sites may under certain condition substantially reduce the level of transgene 
expression produced in vivo. However, unexpectedly, a high level of in vivo 



10 
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expression of a transgene can be achieved using a vector that lacks an intxon. 
Such vectors therefore are of particular interest for in vivo transfection. 

In some cases, it may be desirable to use constructs mat produce long term 
transgene expression in vivo, either by integration into host cell genomic DNA at 
5 hi £ h nr hy pprofrfmrft nf the transgene in the nucleus of cells in vivo in 

stable, episomal form. Integration of the transgene into genomic DNA of host 
cells at vivo may be facilitated by ■liul i ifottiin g the transgene in a linearized form 
(either the coding region alone, or the coding region together with 5' and 3' 
regulatory sequences, but without any plasmid sequences present). Additionally, 
in some instances, it may be desirable to delete or inactivate a mutant gene and 
replace it with a desired transgene. This may be achieved by using an expression 
cassette suitable for homologous recombination in vivo. Thus, for example, a 
linearized plasmid comprising an expression cassette may be used such as is 
described in European patent applications 88/201743.7 and FP89/202106.4. These 
15 applications disclose a plasmid for targeting of a specific gene. For the present 

application, a linear plasmid can be constructed wherein the replacement gene is 
flanked by 5' and 3' sequences which are sufficiently homologous with the 5' and 
y sequences of the defective gene to provide for homologous recombination. 
Where it desired to insert the replacement gene in the mutant gene (thereby 
20 inactivarmg it) a means tor select 

sequences of the plasmid. 

The incidence of transgene integration into genomic DNA may be increased 
by maHTwraring a purified retroviral enzyme, such as the HTV-1 integrase 
enzyme, into the lipid carrier-DNA complex. Appropriate flankirig sequences are 
25 placed at the 5' and 3* ends of the transgene DNA. These flankin g sequences 

have been shown to mediate integration of the HIV-1 DNA into host cell genomic 
DNA in the presence of HIV-1 integrase. Alternatively, the duration of the 
transgene expression in vivo can be prolonged by the use of constructs that contain 
non-transforming sequences of a virus such as Epstem-Baxr virus, sequences such 
as oriP and EBNA-1 which appear to be sufficient to allow heterologous DNA to 
be replicated as an episome in mammalian cells (Buhans et d. t Cell (1986) 
52:955). 



30 
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Downstream from and under control of the transcriptional initiation 
regulatory regions is a multiple cloning site for insertion of a nucleic acid 
sequence of interest which will provide for one or more alterations of host 
genotype and modulation of host phenotype. Conveniently, the multiple cloning 
site may be employed for a variety of nucleic acid sequences in an efficient 
manner. The nucleic acid sequence inserted in the cloning site may have any open 
leading frame encoding a polypeptide of interest, ibr example, an enzyme, with 
the proviso mat where the coding sequence encodes a polypeptide of interest, it 
should lack cruptic splice sites which can block production of appropriate mRNA 
molecules and/or produce aberrantly spliced or abnormal mRNA molecules. The 
nucleic acid sequence may be DNA; it also may be a sequence complementary to a 
genomic sequence, where the genomic sequence may be one or more of an open 
reading frame, an intron, a non-coding leader sequence, or any other sequence 
where the complementary sequence will inhibit transcription, messenger RNA 
processing, for example splicing, or translation. 

A number of nucleic acid sequences are of interest for. use in vivo gene 
therapy of lung diseases or diseases of other tissues. When it is desired to have an 
extra-pulmonary effect, nucleic acid providing for secretory leader sequence is 
included in the expression cassette. Where the nucleic acid codes for a 
polypeptide, the polypeptide may be one which is active intracellularly, a 
tra n smembrane protein, or it may be a secreted protein. It may also code for a 
mutant protein for example are which is normally secreted but which has been 
altered to act intracellularly. The nucleic acid may also be a DNA sequences 
coding for mRNA (antisense or ribozyme sequences such as those to HTV-REV or 
BCR-ABL sequences) or for proteins such as transdominant negative mutants 
which specifically prevent the integration of HIV genes into the host cell genomic 
DNA, replication of HIV sequences, translation of HTV proteins, processing of 
HTV mRNA or virus packaging in human cells; the LDL (low density lipoprotein) 
receptor, which specifically lowers serum cholesterol, and which can reduce the 
risk of heart attack in individuals with elevated serum cholesterol levels, and 
proteins such as granulocyte macrophage colony stimulating factor (GM-CSF) 
which can stimulate the production of white blood cells from the bone marrow of 
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immimocompromised patients and produce significant anti-tumor activity or cystic 
fibrosis traasmembrance conductance regulator (CFTR) for treatment cystic 
fibrosis. These, or other beneficial (therapeutic) nucleic acid sequences can be 
expressed in appropri ate cells in vivo using this invention. 
5 Examples of beneficial therapeutic nucleic acid sequences are those 

encoding molecules have superoxide dismutase activity or catalase activity to 
protect the long from oxidant injury; endothelial prostaglandin synthase to produce 
prostacyclin and prostaglandin E2; and antiprotease alpha- 1 antitrypsin. Thus, this 
approach could dramatically improve die treatment of acquired immune deficiency 

10 syndrome (AIDS), cystic fibrosis, cancer, heart disease, autoimmune diseases and 

a variety of life threatening infections. For die treatment AIDS, anti-TAT, REV 
TAR or other critical anti-HIV sequences may be used, particularly for expression 
of die appr o pr iate coding sequences in T lymphocytes, macrophages and 
monocytes which, can be achieved following iv administration of the appropriate 

15 coding sequences; expression of wild-type CFTR gene in the lungs of cystic 

fibrosis patients (see Collins, Science (1992) 256:774-783) CFTR cDNA can be 
obtained from Dr. Collins at University of Michigan or Dr. Tsui at Toronto Sick 
Children's Hospital; expression of wild-type p53 in tumors of cancer patients with 
absent or aberrant expression of this gene, p53 is obtainable from Dr. Vogelstein 

20 at John Hopkins Univ; antisense sequences to over-expressed, transforming 

oncogenes, such as myc or ras in tumors; genes which block activity of activated 
T cell clones which attack myelin in multiple sclerosis or other targets in 
ant rtinnmitiB Hig^aw; A T-cdl lymphocyte done activated to recognize and attack 
myelin can be targeted by using an anti-sense sequence, ribozyme sequence or 

25 transgene coding for a transdominant negative mutant which specifically blocks 

surface expression on die T-cell of T-cdl receptor components which mediate 
recognition and/or attack of mydinrsheathed cells. 

The termination region which is employed primarily will be one of 
convenience, since termination regions appear to be relatively interchangeable. 

30 The termination region may be native to the intended nucleic add sequence of 

interest, or may be derived from another source. Convenient termination regions 
are available and include the 3' end of a gene terminator and polyadenylation 
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signal from the same gene from which the 5' regulatory region is obtained. 
Adenylation residues, preferably more than 32 and up to 200 or more as necessary 
may be included in order to stabilize the mRNA. Alternatively, a terminator and 
polyadenylanon signal from different gene/genes may be employed with similar 
5 results. Specific sequences which regulate post-transcriptional mRNA stability 

may optionally be included. For example, certain polyA sequences (Volloch et al . 
£M. (1931)23^09) and fl-globin mRNA riemmts can increase mRNA stability, 
whereas certain AU-rich sequences in mRNA can decrease mRNA stability (Shyu 
SUl; genes and Pevel. (1989) 3:60). In addition, AU regions in 3' non-coding 
10 regions may be used to destabilize mRNA if a short half-life mRNA is desirable 

for the gene of interest 

The construct may additionally include sequences for selection, such as a 
neomycin resistance gene or a dihydrofolate reductase gene and/or signal 
sequences to regenerate recombinant proteins that are targeted to different cellular 
15 compartments or secreted when the wild type sequence is not Any of a variety of 

signal sequences may be used which are well-known to those skilled in the art. 
These signal sequences may allow generation of new vaccine strategies or produce 
soluble antagonists directed against specific cell surface receptors such as 
transfbrmed oncogenes. The sequences for selection may be on a separate plasmid 
20 and cotransfected with the plasmid carrying the therapeutic nucleic acid. Where a 

carrier is used, the selection plasmid may be completed to a different carrier or to 
the same carrier as the therapeutic plasmid. 

The recombinant coding-sequence flanked at its 5' end by the promoter and 
regulatory sequences and at its 3' end by a terminator and regulatory sequences 
25 may be introduced into a suitable cloning plasmid (e.g., pUC18, pSP72) for use in 

direct DNA uptake in host cells following introduction into the host 
Isolation of Genes and n onstmction nf Lipid carriers 

Nucleic acid sequences for use in the present invention, can be 
derived from known sources, for example by isolating the nucleic acid from cells 
30 containing the desired gene, using standard techniques. Similarly, the gene 

sequence can be generated synthetically, using standard modes of polynucleotide 
synthesis, well known in the art. See, e.g. Edge, M.D., Nature (1981) 222:756; 
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Nambair, et at, Science (1984) 222:1299; Jay, Ernest, J Biol Ghem (1984) 
252:6311. Generally, synthetic oligonucleotides are prepared by either the 
phosphotriester method as described by Edge ef at, Nature (supra) and Duckworth 
et aL, Nucleic Acids Res (1981)2:1691, or the phosphoramidite method as 
5 described by Beaucage, S.L., and Carufeers, MEL, Tet. Letts. (1981) 22:1859, 

and Matteucd, MJX, and Caruthers, M.H., /. Am. Chem. Soc. (1981) 103:3185, 
and be prepared ™mjr commercially available automated oligonu cl eo ti de 
synthesizers. The gene sequence can be designed with the appropriate codons for 
the particular anrino acid sequence. In general, one will select preferred codons 

10 for expression in the intended host The complete sequence is assembled from 

overlapping oligonucleotides prepared by standard methods and assembled into a 
complete coding sequence. Sfi£, Edge (1981) Nature 222:756; Nambair et 
aL 9 (1984) Science 222:1299; Jay eraL, (1984)/. BioL Chem. 252:6311. 

A particularly convenient method for obtaining nucleic add for use 

15 in die lipid carrier-nucleic add preparations, is by recombinant means. Thus, the 

desired gene can be excised from a plasmid carrying die desired gene, using 
standard restriction enzymes and procedures. Site specific DNA deavage is 
performed by treating with the suitable restriction enzyme (or enzymes) under 
conditions which are generally understood in the art, and the particulars of which 

20 axe specified by the manufacturer of these commercially available restriction 

enzymes. See, e.g., New England Biolabs, Product Catalog. If desired, size 
separation of the cleaved fragments may be performed by polyacrylamide gd or 
agarose gd dectrophoresis using standard techniques. A general description of 
size separations is found in Methods in Enzymology (1950) £5:499-560. 

25 Restriction cleaved fragments may be blunt ended by treating with 

the large fragment of £ coU DNA polymerase I (Klenow) in the presence of the 
four deoxynucleotide triphosphates (dNTPs) using standard techniques. The 
Klenow fra gment fills in at 5' single-stranded overhangs but chews back 
protruding 3' single strands, even though the four dNTPs are present. If desired, 

30 selective repair can be performed by supplying only one of die, or selected, 

dNTPs within fee limitations dictated by the nature of the overhang. After 
treatment with. Klenow, fee mixture can be extracted wife e.g. phenol/chloroform, 
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and ethanol precipitated. Treatment under appropriate conditions with SI nuclease 
or BAL-31 results in hydrolysis of any single-stranded portion. 

Once coding sequences for the desired proteins have been prepared 
or isolated, they can be cloned into any suitable vector or replicon. Numerous 
cloning vectors are known to those of skill in the art; the selection of an 
appropriate cloning vector is known to those of skill in the art, and the selection of 
an appropriate cloning vectorisa matter of choice. ligation to other sequences is 
performed using standard procedures, known in the art. For example, ligations 
can be accomplished in 30 mM Tris-Cl pH 7.8, 10 mM MgCl* lOmM DTT, 50 
/xg/ml BSA, and either 1 mM ATP, 0.01-1.0 (Weiss) units T4 DNA ligase at 
16°C (for "sticky end" ligation) or ImM ATP, 0.5-1.0 (Weiss) units T4 DNA 
ligase at 20°C (for "blunt end" ligation). Intermolecular "sticky end" ligations are 
usually performed at 30-100 /ig/ml total DNA concentration (5-100 nM total end 
concentration). 

The nucleic sequence is placed under the control of a promoter, 
ribosome binding site and, optionally, an operator (collectively referred to herein 
as "control" elements), so that the coding sequence is transcribed into RNA in the 
host tissue transformed by the lipid carrier-nucleic acid. The coding sequence may 
or may not contain a signal peptide or leader sequence. A "promoter sequence" is 
a DNA regulatory region capable of binding RNA polymerase in a cell and 
initiating transcription of a downstream (3* direction) coding sequence. For 
purposes of defining the present invention, the promoter sequence is bound at the 
3' terminus by the transcription start codon (ATG) of a coding sequence and 
extends upstream (5' direction) to include the minimum number of bases or 
elements necessary to initiate transcription at levels detectable above background. 
Within the promoter sequence is a transcription initiation site (conveniently defined 
by mapping with nuclease SI), as well as protein binding domains (consensus 
sequences) responsible for the binding of RNA polymerase. Nucleic acid "control 
sequences" or "regulatory regions" refer collectively to promoter sequences, 
ribosome binding sites, polyadenylatkm signals, transcription termination 
sequences, upstream regulatory domains, enhancers, and the like, which 
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collectively provide for the transcription and translation of a coding sequence in a 
host celL 

The choice of regulatory elements will depend on the host cell 
which is to be transformed and the type of nucleic acid preparation used. Thus, if 

5 thft hngf rallc' mH^^n^^ fran r ^ripfifin translation marJiinwy will hft ngftri tn 

express a polypeptide of interest, control dements functional in the particular host 
which provide for expression are used. Several promoters for use in mammalian 
cells are known in the art and include, but are not limited to, a SV40 (Simian 
'Virus 40) early promoter, a (Rous Sarcona Virus) promoter, an Adenovirus 

10 major late promoter, and a human CMV (Cytomegalovirus) immediate early one 

promoter. Other promoters which may be used include those derived from mouse 
mammary tumor virus (MMTV, 17, 13, and the like). Particularly useful in the 
present invention are the RSV promoter and the CMV promoter, particularly the 
immediate early promoter from the AD169 strain of CMV. 

15 In addition to the above sequences, it may be desirable to add to the 

nucleic add construct regulatory sequences which allow for regulation of the 
expression of the polypeptide of interest sequences. Regulatory sequences are 
known to those of skill in the art, and examples include those which cause the 
expression of a gene to be turned on or off in response to a chemical or physical 

'20. stimulus, including the presence of a regulatory compound. Such promoters can 
be used to regulate expression of the transgene by the use of external stimuli such 
as interferon or glucocorticoids. 

Other types of regulatory elements may also be present in the 
plasmid, for example, enhancer sequences. Such regulatory elements include 

25 those obtainable from 0-interferon, heat shock, metallothionein or steroid hormone 

responsive genes, including insect genes such as the ecdysone receptor gene. 
Since die arrangement of eukaryotic promoter dements is highly flexible, 
combinations of constitutive and inducible elements can be used. Tandem arrays 
of two or mom inducible promoter dements may increase the levd of induction 

30 above baseline levels of transcription which can be achieved with a single 

inducible element. By transcription enhancer elements are intended DNA 
sequences which are primary regulators of transcriptional activity which can act to 
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increase transcription from a promoter element, and generally do not have to be in 
the 5* orientation with respect to the promoter in order to enhance transcriptional 
activity. 

The combination of promoter and enhancer dements used in a 
particular nucleic acid construct can be selected by one skilled in the art to 
m a x i m ize specific effects; different enhancer elements can be used to produce a 
desired level of transgene expression. For example, a tissue specific promoter 
such as that derived from the human cystic fibrosis transmembrane conductance 
regulator (GFXR) gene can be used flanking a very active, heterologous enhancer 
element, such as the SV40 enhancer, in order to obtain both a high level of 
expression and expression of the transgene primarily in airway epithelial cells in 
the lung. Tandem repeats of two or more enhancer elements or combinations of 
enhancer elements may significantly increase transgene expression when compared 
to the use of a single copy of an enhancer element The use of two different 
enhancer dements from the same or different sources, flanking or within a single 
promoter may be used. Evaluation of particular combinations of enhancer 
elements for a particular desired effect or expression level is within the knowledge 
of one skilled in the art Promoter-enhancer dements which are least partially 
derived from CMV Townes and/or AD169 strains are of particular interest for 
providing a high level of expression of a transgene. 

The termination region which is employed primarily will be one of 
convenience, since termination regions appear to be relativdy interchangeable. 
The termination region may be native to die intended nucleic acid sequence of 
interest, or may be derived from another source. Convenient termination regions 
are available and indude the 3' end of a gene terminator and polyadenylation 
signal from the same gene from which the 5' regulatory region is obtained. 
Adenylation residues, preferably more than 32 and up to 200 or more if necessary 
may be induded in order to stabilize the mRNA. Alternativdy, terminator and 
polydenylation signals from a different gene/genes may be employed with similar 
results. Specific sequences which regulate post-transcriptional mRNA stability 
may optionally be induded. For example, certain polyA sequences (Volloch et 
a/., Cell (1981) 22:509) and 0-globin mRNA dements can increase mRNA 
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stability, whereas certain AU-rich sequences in mRNA can decrease mRNA 
stability (Shyu et al., Genes and Development (1989) 2:60). In addition, AU 
legions in 3' non-coding regions may be used to destabilize mRNA if a short half 
life mRNA is desirable. A 3'-intron should be avoided, particularly a SV40 3'- 
5 itifmn if used, the 3'-intron should be greater than about 70 bp. 

The nucleic add construct may include sequences for selection, such 
as a neomycin resistance gene, dihydrofblate reductase gene, and/or signal 
sequences to regenerate recombinant proteins that are targeted to different cellular 
compartment or secreted when the wild type sequence is not Any of a variety of 

10 signal sequences may be used winch are well known to those skilled in the art 

The -dg"* 1 sequences may allow generation of new vaccine strategies or produce 
soluble antagonists directly against specific cell surface receptors such as 
transformed oncogenes. The sequences for selection may be on a separate plasmid 
and cotransfected with the plasmid carrying the nucleic acid coding for the 

15 therapeutic polypeptide. The selection plasmid may be complexed to a different 

carrier or to the same as the therapeutic plasmid* 

An expression vector is constructed so that the particular coding 
sequence is located in the vector with the appropriate regulatory sequences, the 
positioning and orientation of the coding sequence with respect to the control 

20 sequences being such that the coding sequence is transcribed under the "control" 

of the control sequences. Modification of the sequences encoding the particular 
protein of interest may be desirable to achieve this end. For example, in some 
cases it may be necessary to modify the sequence so that it may be attached to the 
control sequences with the appropr iate orientation; or to maintain the reading 

25 frame. The control sequences and other regulatory sequences may be ligated to 

the coding sequence prior to insertion into a vector. Alternatively, die coding 
sequence can be cloned directly into an expression vector which already contains 
tiie control sequences and an appropri ate restriction site which is in reading frame 
with and under regulatory control of the control sequences. 

30 It may be desirable to produce mutants or analogs of the proteins of 

interest Mutants or analogs may be prepared by the deletion of a portion of the 
sequence encoding the protein, by insertion of a sequence, and/or by substitution 
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of one or more nucleotides within the sequence. The mutation can be one that 
affects secretion of a normally secreted protein, so as to eliminate or decrease 
systemic side effects of the protein, for example, tumor necrosis factor. 
Techniques for modifying nucleotide sequences, such as site-directed mutagenesis, 
5 are well known to those skilled in the art £g£, e.g.. Sambrook et al. , infra; DNA 

Cloning, Vols. I and n, supra; Nucleic Acid Hybridization, infra. 

If the gene sequence of the desired protein is not Jmown, it can be 
obtained using the following general techniqura. The desired protein can be 
isolated from, fer example, tissue samples centering 4he same. Hiis is generally 

10 accomplished by first preparing a crude extract which lacks tissue components and 

several extraneous proteins. The desired proteins can then be further purified i.e. 
by column chromatography, HPLC, immunoabsorbent techniques or other 
conventional methods well known in the art Purification of the protein permits 
the sequencing of the same by any of the various methods known to those skilled 

IS in the art For example, the amino add sequences of the subject proteins can be 

determined from the purified proteins by repetitive cycles of Edman degradation, 
followed by amino acid analysis by HPLC. Other methods of amino acid 
sequencing are also known in the art 

Once the amino acid sequences are determined, oligonucleotide 

20 probes which contain the codons for a portion of the determined amino acid 

sequences can be prepared and used to screen DNA libraries for genes encoding 
the subject proteins. The basic strategies for preparing oligonucleotide probes and 
DNA libraries, as well as their screening by nucleic acid hybridization, are well 
known to those of ordinary skill in the art SfiS, e.g.. DNA Cloning: Vol. I, 

25 supra; Nucleic Acid Hybridization, supra; Oligonucleotide Synthesis, supra; 

Sambrook, et al. , supra. First, a DNA library is prepared. Tlie library can 
consist of a genomic DNA library from the species of choice. Once the library is 
constructed, oligonucleotides to probe the library are prepared and used to isolate 
the gene encoding the desired protein. The oligonucleotides are synthesized by 

30 any appropriate method. The particular nucleotide sequences selected are chosen 

so as to correspond to the codons encoding a known amino acid sequence from the 
desired protein. Since the genetic code is degenerate, it will often be necessary to 
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synthesize several oligonucleotides to cover all, or a reasonable number, of the 
possible nucleotide sequences which encode a particular region of the protein. 
Thus, it is generally preferred in selecting a region upon which to base the probes, 
that the region not contain amino acids whose codons are highly degenerate* 
5 In certain circumstances, one of skill in the art may find it desirable 

to prepare probes that are fairly long, and/or encompass regions of the amino acid 
sequence which would have a high degree of redundancy in corresponding nucleic 
acid sequen c es , particularly if this lengthy and/or redundant region is highly 
characteristic of the protein of interest It may also be desirable to use two probes 
10 (or sets of probes), each to different regions of the gene, in a single hybridization 

experiment Automated oligonucleotide synthesis has made the preparation of 
large families of probes relatively straight-forward. While die exact length of the 
probe employed is not critical, generally it is recognized in the art Oat probes 
from about 14 to about 20 base pairs are usually effective. Longer probes of 
15 about 25 to about 60 base pairs are also used. 

The selected oligonucleotide probes are labeled with a marker, such 
as a radionucleotide or biotin using standard procedures. Hie labeled set of 
probes is then used in the screening step, which consist of allowing the single- 
stranded probe to hybridize to isolated ssDNA from the library, according to 
20 standard techniques. Either stringent or permissive hybridization conditions could 

be appropriate, depending upon several factors, such as the length of the probe 
and whether the probe is derived from the same species as the library, or an 
evolutionary close or distant species. The selection of the appropriate conditions 
is within the skill of the art See T generally. Nucleic Arid Hybridization, supra. 
25 The basic requirement is that hybridization conditions be of sufficient stringency 

so that selective hybridization occurs; Le., hybridization is due to a sufficient 
degree of nucleic acid homology (e.g., at least about 75%), as opposed to 
nonspecific binding. Once a clone from the screened library has been identified 
by positive hybridization, it can be confirmed by restriction enzyme analysis and 
30 DNA sequencing that the particular library insert contains a gene for the desired 

protein. The desired DNA sequence can then be cloned into a cloning vector and 
further used, as described below. 
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Preparation of Lipid t^rriwfi 

liposomal preparations for Use in the instant invention include 
canonic (positively charged), anionic (negatively charged) and neutral 
preparations. However, canonic lipid carriers are particularly preferred because a 
tight charge complex can be formed between the canonic lipid carrier and the 
polyanionic nnclric acid, resulting in a hpid carrier-nucleic acid complex which 

Will Withstand both the forces nf nriiiiliTatirwi a nrf ftie t-mrirrmmffft within th» 1 1rl£ 

airways and be capable of transfecting lung cells after die aerosolized DNA:lipid 
carrier complex has been deposited in the lung. Cationic liposomes have been 
shown to mediate intracellular delivery of plasmid DNA (Feigner, et al., Proc. 
Natl. Acad. Sci. USA (1987) M:7413-7416); mRNA (Malone, et al., Proc. Natl. 
Acad. ScL USA (1989) 26:6077-6081); and purified transcription factors (Debs, et 
al., J. Biol Oiem. (1990) 261:10189-10192), in functional form. 
15 Lipid carriers can be prepared from a variety of cationic lipids, 

including DOTAP, DOTMA, DDAB, L-PE, and the like. lipid carriers 
containing a cationic lipid, such as {N(l-2-3-dioleyloxy) propyl}-N,N,N- 
triethylammonium} (DOTMA), dimethyl dioctadecyl ammonium bromide 
(DDAB), or 1, 2-dioleoytoxy-3-(trimethybmmonio) propane (DOTAP) or 
20 . lysmylphospriatidylemanolamine (L-PE) and a second hpid, such as 

distearoylphosphatidylethanolamine (DOPE) or cholesterol (Choi), are of particular 
interest. DOTMA synthesis is described in Feigner, et al., Proc. NaL Acad. 
Sciences, (USA) (1987) 84:7413-7417. DOTAP synthesis is described in 
Stamatatos, et al., Biochemistry (1988) 27:3917. DOTMA:DOPE lipid carriers in 
25 the form of liposomes can be purchased from, for example, BRL. DOTAP:DOPE 

liposomes can be purchased from Boehringer Mannheim. Cholesterol and DDAB 
are commercially available from Sigma Corporation. DOPE is conuuertially 
available from Avanti Polar Lipids. DDAB:DOPE can be purchased from 
Promega. Bio de gr ada b le hpid carriers are of particular interest. Cationic lipids 
wherein the positive change is positioned very close to the hpid bilayer e.g. 
DDAB, rather than projecting out from the bilayer and therefore more exposed 
e.g. ethylphospnatidylethanolamine (E-PC), are also of interest 
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Cationic lipid carrienDNA complexes axe internalized by cdls by a 
classical receptor-mediated endocytosis using cell surface receptors which contain 
specific binding sites for, and are able to internalize, cationic molecules. Using 
agents such as cytokines, growth factors, other soluble proteins and certain drugs, 
5 it is thus possible to selectively up or down regulate these cation-binding 

receptors. The rate of up or down regulation of these receptors by the appropriate 
agent will allow selection of specific cells for enhanced or seduced levels of 
transfection in vivo. Thus, the use of specific cationic lipids can confer specific 
advantages for in vivo delivery. For example, iv injection of DOTAP-containing 
10 or ethylphosphatidylcholine (B-PQ lipid earners can target transgene expression 

primarily to the lung and may offer increased advantages for aerosolized delivery. 
Furthermore, E-PC and DOTAP, as well as L-FE and CEBA are fully 
metabolized by cells, whereas DOTMA cannot be fully metabolized by cells. 
Therefore, DOTAP and L-PE, but not DOTMA, are suitable for repeated 
IS administration to mammalian hosts. Additionally, completing the cationicr lipid 

with a second lipid, primarily either cholesterol (0-50 mole percent, preferably 33- 
50 mole percent) or DOPE can maximize transgene expression in vivo. For 
example, mixing cholesterol instead of DOPE with DOTAP, DOTMA, or DDAB 
may substantially increase transgene expression in vivo. 
20 Particular cells within the lung may be targeted by modifying the 

lipid carriers to direct them to particular types of cells using site-directing 
molecules. Thus antibodies or ligands for particular receptors may be employed, 
to target a cell associated with a particular surface protein. A particular ligand or 
antibody may be conjugated to the lipid carrier in accordance with conventional 
25 ways, either by conjugating the site-directing molecule to a lipid for incorporation 

into the lipid bilayer or by providing for a linking group on a lipid present in the 
bilayer for linking to a functionality of die site-directing compound. Such 
techniques are well known to those skilled in the art For example, ligand- 
directed DNA-polycation complexes have been shown to transfect hepatocytes in 
30 the liver after iv injection. More precise intrapulmonary targeting may be 

achieved by a) altering aerosol particle size to preferentially direct the aerosol to 
alveoli or proximal versus distal airways or (b) to covalently couple monoclonal 
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antibodies to the lipid earner surface, thereby targeting lung cells expressing the 
corresponding cell surface antigen or using specific cationic lipids that have 
specific affinities for specific lung cell types. 

Non-cationic liposomes, particularly pH sensitive liposomes, offer 
5 another potentially attractive approach to in vivo gene therapy. However, as 

compared to cationic liposomes, pH sensitive liposomes are less efficient in 
iapturinpXlNA and delivering tyma intrar^iiiiia^y Anionic and jieutral 
li pos o me s are jeadily available, such as from Avanti Polar XJjnds (Birmingham, 
AL), or can be easily prepared using readily available materials. Such materials 
10 include phosphatidylcholine, cholesterol, pfaosphatidylethanolamine, 

dioleoylphosphatidylcholine (DOPQ, dioleoylphoshatidyletbanolamine (DOPE), 
among others. These materials can also be mixed with the DOTMA and DOTAP 
starting materials in appropriate ratios. Methods for making liposomes using these 
materials are well known in the art. 

15 Unexpectedly, the lipid composition of the lipid carriers used for 

nebulization can dramatically affect the level of transgene expression produced 
in vivo. Thus, the liposomal lipid compositions generally have a composition of 
50% molar ratio of cationic lipid to non-cationic lipid, but may range from 5% to 
100%. The diameter of the lipid carriers should generally be within the range of 

20 100 nm to 10 microns, preferably 100 nm to 500 nm. Other DNA sequences, 

such as adenovirus VA genes can be included in the lipid canier-DNA complex 
formulation or be co-transfected with the gene of interest. The presence of genes 
coding for the adenovirus VA gene product may significantly enhance the 
translation of mRNA transcribed from the plasmid. 

25 The lipid carriers can comprise multilamellar vesicles (MLVs), 

small unilamell a r vesicles (SUVs), or large unilamellar vesicles (LUVs). MLV 
and LUV are prepared by vortexing rather than sonicating after addition of the 
aqueous material to the dry lipid film. If desired, the resulting lipid carriers can 
be extruded under high pressure through sized polycarbonate membranes to 

30 achieve more uniform size distributions. SUVs are prepared by extended 

sonication of MLVs to produce a homogeneous population of unilamellar lipid 
carriers. Commonly used methods for making lipid carriers include Ca^-EDTA 
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chelation (Papahadjopoulos, etaL, Biodum. Biophys. Acta (1975) 224:483; 
Wilson, etaL, Cell (1979) 12:77); ether injection (Deamer, D. and Bangham, A., 
Biochmu Biophys. Acta (1976) 442:629; Ostro, etaL, Biochenu Biophys. Res. 
Commun. (1977) 2£:836; Fialey, et aL, Proc. Nad. Acad. ScL USA (1979) 
5 26:3348); detergent dialysis (Enoch, H. and Stdttmatter, P., Proc Nad. Acad. 

ScL USA (1979) 25:145) and reverse-phase evaporation (REV) (Fialey, et aL, /. 
Biol. Chem. (1980) 222:10431; Szofca, F. and Papahadjopoulos, D., Proc. Natl. 
Acad. ScL USA (1978) 25:145; Schaefer-Ridder, et aL, Science (1982) 215:166). 

The various lipid carrier-nucleic add complexes wherein die lipid 

10 carrier is a liposome are prepared using methods well known in the art. See T e. g. . 

Straubinger etaL,m Methods of Immunology (1983), VoL 101, pp. 512-527. By 
"lipid carrier-nucleic acid complex" is meant a nucleic acid sequence as described 
above, generally bound to the surface of a lipid preparation. The lipid 
pflTriflT preparation can also incliKfc other substances, such as enzymes necessa r y 

15 for integration, transcription and translation, cofactors, etc. Furthermore, the lipid 

carrier-nucleic add complex can jpcfatfe targeting agents to deliver the complex to 
particular cell or tissue types. 

To prepare the complexes, generally, the nucleic add material is added to a 
suspension of preformed MLVs or SLVs only after the lipid carriers have been 

20 prepared and then vortexed. When using lipid carriers containing cationic lipids, 

the dried lipid film is resuspended in an appropriate mixing solution such as sterile 
water or an isotonic buffer solution such as lOmM Tris/NaCl, or 5% dextrose in 
sterile water, sonicated, and then the preformed lipid carriers are mixed directly 
with the DNA. The lipid cams and DNA form a very stable complex due to 

25 binding of the negatively charged DNA to the cationic lipid carriers. SUVs find 

use with grnair nucleic add fragments as well as large regions of DNA 250 
Kb) . In preparing the lipid carrier-nucleic acid complexes, care should be taken to 
exclude any compounds from die mixing solution which may promote the 
formation of aggregates of the liptt Large 

30 particles generally will not be aerosolized' by the nehnlizer and even if aerosolized 

would be too large to penetrate beyond die large airways. Aggregation of the lipid 
carrier-nucleic add complex is prevented by controlling the ratio of DNA to lipid 
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carder, minimizing the overall concentration of DNArlipid carrier complex in 
solution, usually less than 5 mg DNA/8 ml solution, and the avoiding chelating 
agents as EDTA, and significant amounts of salt which tend to promote 
macxoaggregation. The preferred excipient is water, dextrose/water or another 
solution having low or no ionic strength. Further, die volume must be adjusted to 
the minimum for deposition in be lungs of the host mammal, but taking care not 
to make the solution too concentrated so that aggregates form. 

The choice of lipid carriers and the concentration of lipid carrier- 
nucleic acid complexes thus involves a two step process. The first step is to 
identify lipid carriers and concentration of lipid carrier-nucleic acid complexes that 
do not aggregate when the components are combined or during the significant 
agitation of the mixture that occurs during the nebulization step. The second step 
is to identify among those that are identified as of interest at the first step (Le. do 
not aggregate) those complexes that provide for a high level of transfection and 
expression of a gene of interest in target cells in the lung. The level of expression 
and the cell types in which expression of the recombinant gene is obtained may be 
determined at the mRNA level and/or at the level of polypeptide or protein. Gene 
product may be quantitated by measuring its biological activity in tissues. For 
example, enzymatic activity can be measured by biological assay or by identifying 
tiie gene product in transfected cells by immunostaining *ecjmi(p?fs such as probing 
with an antibody which specifically recognizes the gene product or a reported gene 
product present in the expression cassette. 

As an example, a reporter gene CAT (which encodes 
chloramphenicol acetyl transferase) can be inserted in the expression cassette and 
used to evaluate each lipid carrier composition of interest The DNArlipid carrier 
complexes must be mixed in solutions which do not themselves induce aggregation 
of the DNArlipid carrier complexes such as sterile water. The expression cassette 
(DNA) is mixed together with the lipid carriers to be tested in multiple different 
ratios, ranging as an example from 4:1 to 1:10 (micrograms DNA to nanomoles 
cationic lipid). Hie results provide information concerning which ratios result in 
aggregation of the DNArlipid carrier complexes and are therefore not useful for 
use in vivo, and which complexes remain in a form suitable for aerosolization. 
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The ratios which do not result in aggregation ate tested in animal models to 
determine which of the DNAzlipid carrier ratios confer die highest level of 
transgene expression in vivo. For example, die optimal DNA:Iipid carrier ratios 
for SUV for DOTMA/DOPE, E-PC:cholesterol, ethyldimystrylphosphatidyl- 
choline and JDDAB:Chol ace 1:1 or L2. 

Administration 

Hie mammalian host may be any mammal having symptoms of a 
genetically-based disorder. Thus, the subject application finds use in domestic 
animals, feed stock, such as bovine, ovine, and porcine, as well as primates, 
particularly humans. In die method of the invention, transformation in vivo is 
obtained by introducing a non-integrating therapeutic plasmid into the mammalian 
host complexed to a lipid carrier, particularly a cationic lipid carrier more 
particularly, for human use or for repeated applications a biodegradable lipid 
carrier. For introduction into the mammalian host any physiologically acceptable 
medium may be employed for administering the DNA or lipid carriers, such as 
deionized water, 5% dextrose in water, and the like. Other components may be 
included in the formulation such as stabilizers, biocides, etc, providing that they 
meet the criteria outlined above, Le. do not cause aggregation of the complexes. 
The various components listed above find extensive exemplification in the 
literature and need not be described in particular here. 

The lipid carrier-nucleic acid complex is aerosolized by any 
appropriate method. For use with humans or other primates, the aerosol is 
generated by a medical nebulizer system which delivers the aerosol through a 
mouthpiece, ftcemask, etc. from which the mammalian host can draw the aerosol 
into the lungs. Various nebulizers are known in the art and can be used in the 
method of the present invention. See , for example, BoiarskL, et aL 9 U.S. Patent 
No. 4,268,460; I^hmbeck, etaL f U.S. Patent No. 4,253,468; U.S. Patent No. 
4,046,146; Havstad, etaL, U.S. Patent No. 3,826,255; Knight, et al., U.S. 
Patent No. 4,649,911; Bordoni, et aL, U.S. Patent No. 4,510,829. The selection 
of a nebulizer system depends on whether alveolar or airway delivery (Le., 
trachea, primary, secondary or tertiary bronchi, etc.), is desired as well as 
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verifying that the specific nebulizer system does not denature or inactivate the 
nucleic acid construct. 

A convenient way to insure effective delivery of the nucleic acid to 
the alveoli is to select a nebulizer which produces sufficiently small particles for 
5 example, particles with a mean particle diameter of less than 5.0 microns (jim). 

More preferably the particles have a mean particle diameter of about 0.2 to about 
4.0 ftm, and most preferably the particles have mean diameter of about 0.2 to 
about 2 fim, since larger particles (is 5 fim) are generally deposited in the 
proximal airways or nasopharynx. As an alternative to selecting small mean 
10 particle diameters to achieve substantial distal airway and alveolar deposition, a 
very high dosage of die lipid carrier-nucleic acid preparation can be administered, 
with a larger mean particle diameter. A proviso to such an approach is that the 
particular lipid carrier-nucleic acid complex is chosen that is not too irritating at 
the required dosage and that mere be a sufficient number of particles in the total 
15 particle population having a diameter in the 0.5 to about 5 urn range to allow for 
deposition in the alveoli. For proximal airway delivery, the mean particle size 
will be larger. For example, suitable mean particle diameters will generally be 
less man about 15 pm, more preferably from about 4 pm, and most preferably 
from about 5 /un to about 10 pm. 
20 Examples of nebulizers useful for alveolar delivery include the 

Acorn 1 nebulizer, and the Respirgard n Nebulizer System, both available 
co mmerci al ly from Marquest Medical Products, Inc., Inglewood, CO. Other 
commercially available nebulizers for use with the instant invention include the 
UltraVent nebulizer available from Mallinckrodt, Inc. (Maryland Heights, MO); 
25 the Wright nebulizer (Wright, B.M., Lancet (1958) 2:24-25); and the DeVilbiss 

nebulizer (Mercer et aL t Am. tuL Byg. Assoc J. (1968) 2j>:66-78; T.T. Mercer, 
Chest (1981) fiQ:6 (Sup) 813-817). Nebulizers useful for airway delivery include 
those typically used in the treatment of asthma. Such nebulizers are also 
commercially available. One of skill in the art can determine the iwfinfaffss of a 
30 particular nebulizer by measuring the mean particle size generated thereby with for 

example, a 7 stage Mercer cascade impactor (Intox Products, Albuquerque, NM). 
Conce n t ra ti on s of the lipid carrier-nucleic acid complex from the impactor plates 
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can be determined by duting the complex therefrom and assessing the optical 
density at an appropriate wavelength and comparing the standard curves. Results 
are generally expressed as mass median aerodynamic diameter ± geometric 
standard deviation (Raabe, J. Aerosol Sci. (1971) 2:289-303). 
5 The amount of lipid carriers used will be an amount sufficient to 

provide for adequate transfection of cells after entry of the DNA or complexes into 
the hmgandto provide for a t he ra peu tic level of transcription and/or translation in 
transfected cells. A therapeutic level of transcription and/or translation is a 
sufficient amount to treat or palliate a disease of the hnst mammal foflmying 
10 administration of the lipid carrier-nucleic add complex to the host mammal's lung, 

particularly the alveoli or airway. Thus, an "effective amount" of the aerosolized 
lipid c arrier -nucleic add preparation, is a dose sufficient to effect treatment, that 
is, to cause alleviation or reduction of symptoms, to inhibit the worsening of 
symptoms, to prevent the onset of symptoms, and the like. The dosages of the 
15 present compositions which constitute an effective amount can be determined in 

'view of this disclosure by one of ordinary skill in the art by running routine trials 
with appropriate controls. Comparison of the appropriate treatment groups to the 
controls will indicate whether a particular dosage is effective in preventing or 
reducing particular symptoms. Appropriate doses are discussed farther below. 
20 While there is no direct method of measuring the actual amount of lipid carrier- 

nucleic acid complex delivered to the alveoli, bronchoalveolar lavage (BAL) can 
be used to indirectly measure alveolar concentrations of any expressed and 
secreted protein, usually 18-24 hrs after inhalation to allow clearance of the 
protein deposited in the larger airways and bronchi* 
25 The total amount of nucleic add delivered to a mammalian host will 

depend upon many factors, including the total amount aerosolized, the type of 
nebulizer, file particle size, breathing patterns of the mammalian host, severity of 
lung disease, concentration and mean diameter of the lipid carrier-nucleic add 
complex in die aerosolized solution, and length of inhalation therapy. Thus, the 
30 amount of expressed protein measured in the alveoli may be substantially less than 

what would. be expected to be expressed from the amount of nucleic add present 
in the aerosol, since a large portion of die complex may be exhaled by the subject 
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ar trapped on the interior surfaces of the nebulizer apparatus. For example, 
approximately one third of the lipid carrier-nucleic acid dose mat is placed into the 
nebulizer remains in the nebulizer and nqayiatfri tubing after inhalation is 
completed. This is true regardless of the dose size, duration of inhalation, and 
5 type of nebulizer used. Moreover, resuspension of the residue and 

re admini stration does not significantly increase the dose delivered to the subject; 
about one third remains in the nebulizer. Furthermore, even with minimization of 
airway deposition, a portion of the dose is still deposited in die airways. 
Additionally, efficiency of expression of the encoded protein will vary widely with 
10 the expression system used. 

Despite the interacting factors described above, one of ordinary skill 
in the art will be able readily to design effective protocols, particularly if the 
particle size of the aerosol is optimized. Based on estimates of nebulizer 
efficiency, an effective dose delivered usually lies in the range of about 1 
15 mg/treatment to about 500 mg/treatment, although more or less may be found to 

be effective depending on the subject and desired result It is generally desirable 
to administer higher doses when treating more severe conditions. Generally, the 
nucleic acid is not integrated into the host cell genome, thus if necessary, the 
treatment can be repeated on an ad hoc basis depending upon the results achieved. 
20 If the treatment is repeated, the mammalian host is monitored to ensure that there 

is no adverse immune response to the treatment The frequency of treatments 
depends upon a number of factors, such as the amount of lipid carrier-nucleic acid 
complex administered per dose, as well as the health and history of the subject. 
As used herein, with reference to dosages, "lipid carrier-nucleic acid aerosol" 
25 refers to the amount of lipid carrier-nucleic acid complex that is placed in the 

ne bu liz e r and subjected to aerosolization. The "amount nebulized" or "amount 
aerosolized" of the complex means the amount that actually leaves the apparatus as 
an aerosol, i.e., the amount placed into the apparatus less the amount retained in 
the reservoir and on die inner surfaces of die apparatus at the conclusion of a 
30 treatment session. 

In particular treatment regimens, for example, in die treatment of 
cancer, it may be necessary to administer sequential doses at intervals ranging 
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from every 8 to 12 hours to once a month. The frequency of treatment can be 
monitored by evaluating whether there has been until significant amelioration or 
complete disappearance of the cancer with a particular treatment regimen. 
Treatment may have to be modified if dose-limiting host toxicity develops. 
5 Similar administration protocols also may be developed in for example, patients 

where all macroscopic evidence of tumor has been removed, in order to prevent 
tumor recurrence due to persistence of undetected microscopic ^disease. 

To treat pulmonary infections such as bronchitis and pneumonia, it 
will usually be necessary to administer at least one dose per day over a period of 
10 about 4 to about 21 consecutive days or longer. The treatment is usually carried 

out on consecutive days because new areas of the lungs open up to penetration and 
deposition of the nucleic acid with increasing resolution of the infection. The 
success of the treatment can be monitored and the administration regimen altered 
by assessing conventional clinical criteria; e.g., clearing of radiographic infiltrate, 
15 improved arterial PO^ (e.g., >70 mmHg), reduction in dyspnea, respiratory rate 

and/or fever. For the treatment of genetic disorders, such as cystic fibrosis, the 
lipid carrier-nucleic acid complex wQl be administered at regular intervals, from 
once a week to once every one to several months, in order to provide wild-type 
GFTR protein in critical host airway cells, since these cells continue to turn over. 
20 It may also be possible to stably transfect the CFTR gene into appropri ate lung 

stem cells, which would then provide a continuous source of normal airway cells 
without requiring lifelong treatment. Potential therapeutic effects of the gene 
product can be measured, by determining the effects of gene expression on 
survival of transgenic host mammals in which the transgene is expressed. 
25 Production of significant amounts of a transgene product will substantially prolong 

the survival of the affiliated host 

Where expression of the polypqrtide/protein or even the mRNA 
itself confers a changed biochemical phenotype upon the host, the presence of a 
new phenotype or absence of an old phenotype may be evaluated; for example, as 
30 a result of transformation of the host cells, there may be ^anr^j production of 

pre-existing desirable products formerly produced in in e ffi ci ent quantities or there 
may be reduction or even suppression of an undesirable gene product using 
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antisense, ribozyme or co-suppression technologies; in the case of reduction or 
suppression, a reduction or elimination of the gene product may be determined. 

The potential toxicity of the treatment may be evaluated by 
behavioral manifestations, and where appropriate, by analysis of biopsy specimens. 
5 Thus, behavioral activity which evidences distress, such as changes in activity 

level, changes in eating and drinking patterns and the like, can be monitored, as 
well as evidence of necrosis, edema or inflammation in biopsy specimens, 

The subject compositions can be provided for use in one or more 
procedures. Kits will usually include the DNA either as naked DNA or 
10 complexed to lipid carriers. Additionally, lipid carriers may be provided in a 

separate container for completing with the provided DNA. The DNA or the lipid 
carrier/DNA complexes may be present as concentrates which may be further 
diluted prior to use or they may be provided at the concentration of use, where the 
vials may include one or more dosages. Conveniently, single dosages may be 
15 provided in sterilised containers suitable for use with a nebulizer, so that the 

physician or veterinarian may employ the containers directly with a nebulizer, 
where the containers will have the desired amount and concentration of agents. 
Thus, the kit may have a plurality of containers containing the DNA or the 
DNA/lipid carrier complexes in appr o pri ate proportional amounts, and optionally, 
20 appropriate diluent and mixing solutions. When die containers contain the 

formulation for direct use, usually there will be no need for other reagents for use 
with the method. 



Uses 

25 Uses of the subject invention include but are not limited to the 

following. The present invention is particularly useful for the delivery of 
substances directly into the lung for the prevention and/or treatment of pulmonary 
disorders such as lung cancer, emphysema, asthma, lung infections such as chronic 
bronchitis and pneumonia, degenerative diseases of die lung, as well as genetic 

30 disorders such as cystic fibrosis and a-1 antitrypsin deficiency 

For the treatment of lung tumors, genes encoding toxic peptides (for 
example, therapeutic agents such as ricin, diphtheria toxin and cobra venom 
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fectar), wild-type tumor suppressor genes (such as p53, genes coding for mRNA 
sequences which axe antisense to transforming oncogenes, or other antineoplastic 
peptides, such as tumor necrosis factor (IMF) and other cytokines, or 
transdominant negative mutants of transforming oncogenes), can be inserted into 
5 the pyclftfc acid construct and using the above described methods, completed to a 

lipid carrier and delivered for expression at or near die tumor site. Some tumors 
such as colon tumors can be specifically targeted by incorporating targeting agents, 
such as antibodies directed against tumor cell surface antigens, onto the lipid 
carrier. See, e.g., Lasennan, er at, Nature (1980) 28&:602-604; fliiang, etal., 

10 Biochemistry (1981) 2&4Z99-4238, far methods of incorporating antibodies onto 

liposomal surfaces. Similarly, genes coding for peptides known to display 
antiviral and/or antibacterial activity, or stimulate die host* immune system, can 
also be administered to the lung in order to treat pulmonary infections. Thus, the 
genes encoding many of die various cytokines (or functional fragments thereof), 

15 such as theinterieukins, interferons, and colony stimulating factors, will find use 

with the instant invention. The gene sequences for a number of these substances 
are known. Ihterferon-7 produces significant anti-pneumocystis carinii pneumonial 
(PCP) activity in immunodeficient mice with PCP following aerosol delivery of the 
peptide. Beck et aL y bfect. andbnmwu (1991)59:3859-3862. 

20 Genes encoding antioxidants will also find use for the treatment or 

prevention of lung damage due to degenerative lung disorders caused by smoking 
and other environmental agents. For example, genes encoding superoxide 
<ttginwfagft (SOD) or catalase, as well as a-1 antitrypsin, will be particularly useful 
for this purpose. These gene sequences are known. See, e.g., Long et al., 

25 Biochem, (1984) 21:4828-4837 for the a-1 antitrypsin gene sequence. For the 

treatment of genetic disorders, such as cystic fibrosis and emphysema, functional 
genes, corresponding to genes known to be deficient in the particular disorder, can 
be administered to the subject For example, it is known that individuals lacking 
sufficient levels of a-1 antitrypsin are prone to emphysema and other pulmonary 

30 disorders. Thus, tins gene can be administered prpphylactically, as well as in 

response to clinical manifestations of the disease, for both the prevention and/or 
treatment of this disorder. Similarly, the gene involved in cystic fibrosis has been 
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identified. GoodfeUow, P., Nature (1989) 341:102-103; Rommens, et aL, Science 
(1989) 245:1059-1054; Beardsley, et aL, Sci. Am. (1989) 261:28-30. Thus, this 
gene, or fragments which encode a biologically active expression product, can be 
delivered to a mammalian host suffering from this disorder. 

The invention also finds use for the delivery of substances into the 
systematic circulation via the lung. For example, as explained above, a number of 
substances, .such as cytokines, are toxic when administered using conventional 
methods of delivery. See, eg., Debs etaL,J. Immunol (1988) J4Q^482-3488. 
The invention allows the delivery of these substances for example, to treat cancer, 
as well as bacterial and viral infections, systemically. This approach already has 
shown promise for the treatment of extra-pulmonary cancer in humans. 

The instant methods also find use in antisense therapy, for the 
delivery of oligonucleotides able to hybridize to specific complementary 
sequences, thereby inhibiting the transcription and/or translation of these 
sequences. Thus, DNA or RNA coding for proteins necessary for the progress of 
a particular disease, can be targeted, thereby disrupting the disease process. For a 
review of antisense therapy and oligonucleotides useful in the same, see., TJhlmann, 
E. and Peyman, A., Chan. Rev. (1990) 2Q:543-584. 

The following examples are provided for illustrative purposes only 
and are not intended to limit the scope of the present invention. 

The practice of the present invention employs unless otherwise 
indicated, conventional techniques of cell culture, molecular biology, 
microbiology, recombinant DNA, and immunology, which are within the skill of 
the art Such techniques are explained fully in the literature. Ssj, e.g.. 
Sambrook, et aL, Molecular Cloning: A Laboratory Manual, Second Edition 
(1989) Vols. 1-3; DNA Cloning (1985) Vols. I and H, D.N. Glover (ed.); Nucleic 
Acid Hybridization (1984), B.D. Hames, etaL, (eds.); Perbal, B., A Practical 
Guide to Molecular Qoning (1984); Methods in Enzymology (the series), 
Academic Press, Inc.; Vectors: A Survey of Molecular Cloning Vectors and Their 
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Uses (1987), ILL. Rodriguez, a of., (eds.), Butterworths; and Miller, J.H., et al., 
Experiments in Molecular Genetics (1972) Cold Spring Harbor Laboratory. 

Up to 48 mice may be placed in the chamber at one time. The 
amount of the total amount of DNA-lipid cams complex placed in the nebulizer 
that is ildhrered to the lungs of each mouse is approximately 0.02%. 



ffiflTflplel 

Egpresrinn nf rhln ra Tn r h ? Tiirn1 ay^yl^itrfftriMft fCAT> gene, in rodent \xmps 
following aerosolized tfrljvery ffpifl carri^pncleic sgd gomptetqs, 
10 The lipid carriers used were plasmid pRSV-CAT, as described by 

Gorman, etaL y Proc. Natl Acad. Sd. USA (1982) 22:6777-6781; and Juang, and 
Gorman, Mol COL Biol (1990) 1Q:1805-1810; a plasmid containing the CAT 
gene driven by the RSV long terminal repeat; and plasmid pRSV-0-gal, as 
described by Hazinski etaL,Am.J. Bespir. Cell Mol Biol (1991) 1:206-209. 
15 The pRS V-CAT plasmid was compkxed to liposomes and 

administered to 25 gram female BALB/c mice as follows. Two mg of pRS V-CAT 
was mixed with 4 /xmoles of DOTMA (GIBCO BRL, Grand Island, 
NY)/cholesterol (2:1) small nnilameJlar liposomes in phosphate buffered saline and 
thai nebulized in an Acorn I nebulizer (Marquest Medical Products, Inc., 

20 Ihglewood, CO) to groups of rats or mice in an Intox nose-only exposure chamber 

(Eotox Products, Albuquerque, MM). The same procedure was followed with 0.5 
mg pRSV-CAT mixed with 1.0 pmol DOTMA-cholesteraL (2: 1), as well as 2.0 
mg pRSV-CAT alone. Two to five days later, animals were sacrificed and lungs 
collected. Lungs were also collected from untreated controls. The lungs were 

25 homogenized and cells disrupted with three fteeze-thaw cycles. CAT activity in 

aliquots from the lung extracts was measured using a standard assay as described 
by Wolff, etaL, Science (1990) 2£Z: 1465-1468. As can be seen in Figure 1, 
animals administered 2.0 mg KSV-CAT with 4.0 /tmol DOTMA/diolesterol (2:1) 
expressed the CAT protein m the lungs while the control animals as well as 

30 animals receiving aerosolized RSV-CAT DNA alone, or lower doses of RSV- 

CATrDOTMArchol complexes did not A similar procedure was followed with 
respect to pRSV-0-gal, with the exception that 50 mg of pRSV-0-gaI was mixed 
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with 50 pinoles of DOTMA/cholesterol (2:1). The presence of 0-gal activity was 
detennined using a standard histochemical staining procedure. 0-gal activity was 
present in the airway epithelial cells of exposed rats. 

Also tested was a plasmid containing the CAT gene driven by the 
CMV promoter. This plasmid was made as described in Huang, M.T.F. and 
Gorman, CM. Nuc. Adas "Res. 0590) 12:937-947, with the exception mat a 
CMV promoter and a hybrid intron sequence were used rather than the SV40 
promoter in the plasmid pMLJLCAT, described therein. Briefly, the CAT lipid 
carrier was constructed by first making a pML-based plasmid containing the CMV 
promoter immediate l y followed by a portion of the 5'-untranslated i«^d*r from the 
adenovirus-major late (AML) region. This region contained all but the first 13 
nucleotides of the first exon of the tripartite leader plus a portion of an intervening 
sequence (TVS) from the AML region. A synthetic oligonucleotide was inserted 
which merged with the adenovirus intron to provide a functional splice acceptor 
sequence derived from an IgG variable region. Bothwell, et aL, Cell (1981) 
24:625-637. This plasmid was then cut at two restriction sites bordering the intron 
(Oal and PstI) to remove a 292 bp fragment A matching synthetic 
oligonucleotide linker was inserted. The plasmid was termed pCIS-CAT. 

To test for expression of the CAT gene using pOS-CAT, 12 mg 
pCK-CAT was mixed with 24 pmoles of DOTMA/DOPE (1:1). Female ICR 
mice were placed in three different aerosol receiving chambers. All mice received 
the same amount of the CAT expression plasmid complexed to liposomes, as 
described above. Animals 1-3 were exposed to the aerosol in an Into* designed 
aerosol chamber. Animals 4-7 were exposed to the aerosol in a nwHiq^ ^ cage 
containing dividers for individual mice. Animals 8-10 were placed in a smaller, 
similarly modified mouse cage after being put in the restrainers used in the Intox 
chamber. 48 hours following aerosolization, the animals were «"-ffired and 
whole lungs assayed for CAT expression using the chromatographic CAT assay. 
As can be seen in Figure 2, a single aerosol dose of a CAT gene-expression 
plasmid complexed to canonic liposomes can produce high-level transgene 
expression in the lungs of mice. Significant levels of transgene expression are 
present in the lungs of all 7 mice (numbers 1-3 and 8-10) which were exposed to 
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the aerosol mist in Ihtox nose-only exposure tubes which were constructed to 
maximize the amount of aerosol that the mice inhaled. The amount of variation 
seen here is comparable to that seen in other aerosol experiments and may have 
several explanations, including variations in exposure to the aerosol mist, 
individual variations in efficiency of nasal filtration, etc. 

carrier rnmplmrre prndnrre high IctpI. Innp cpprifir 

ffprft^pn ffrg CAT gne* 
Animnig Two month old, female, ICR mice were used in all experiments. 
Preparation plflflnri d DNA. The chloramphenicol acetyltransferase (CAT) 
gene was used as a reporter to measure transgene expression levels (Gorman et 
aL, Proc. Nat'l Acad Sd (USA) (1982) 79: 6777-6781). The plasmid used 
contains the CAT gene fused to the human cytomegalovirus (GMV) imnifytiate 
early promoter-enhancer element (pCE-CAT). The plasmid was purified using 
alkaline lysis and ammonium acetate precipitation (Sambrook et aL (1989) supra) T 
and the nucleic acid concentration measured by UV absorption at 260 nm. The 
CAT gene is not present in eukaryotic cells. Its product is an enzyme which 
catalyzes the transfer of acetyl groups from acetylCoA to the substrate 
chloramphenicol. 

yrepayatjoq qtffonfr pppsopig. liposomes were prepared as small 
unilamellar vesicles (approximately 100 nm in diameter) containing the cationic 
lipid DOTMA as DOTMArDOPE (1:1 mole ratio). DOTMA is (N[l-2,3- 
diol^loxy)propyl]-N^,N-triediylammonium (Syntex Corporation), and DOPE is 
the neutral lipid dioleoylphosphatidylethanolamine (Avanti Polar lipids). Stock 
solutions of the lipids were dissolved in chloroform and stored under argon at - 
20°C. Lipids were mixed in a round-bottomed flask and evaporated to dryness on 
a rotary evaporator under reduced pressure. Double-distilled water was added to 
produce final lipid concentrations of lOmM each, and the resulting mix was 
sonicated for approximately 20 minutes in a bath sonicator (Laboratory Supplies, 
Hicksville, NY). The liposomes were stored under argon at 4°C until use. 



WO 93/12756 PCT/US92/11008 

41 

Aerosol delivwv nf plarniid/linosome comntares to mice. Twelve mg of 
plasmid completed to 24 pmols of DOTMA:D0PE (1:1 mole ratio) liposomes was 
aerosolized and administered to mice over two different aerosol periods on the 
same day. In order to prevent aggregation and precipitation of the oppositely 
5 charged components, the plasmid and the liposomes were diluted separately in 

sterile water prior to mixing. Six mg of plasmid DNA and 12 /unols of 
DOTMAJX3PE (1:1 mole ratio) liposomes were each diluted to 8 ml with water 
and mixed. Pour jnl was then placed into each of two Aram t iu^% v Mt^ 
(Marquest, Englewood, CO), the animals placed into an Intox small animal 
10 exposure chamber (Albuquerque, NM), and an air flow rate of 4 L mm" 1 used to 
generate the aerosol. Approximately 90 minutes were required to aerosolize 4 ml. 
The animals were removed from the chamber for 1-2 hours and men the above 
procedure was repeated with a second 4 ml dose. 

Radiometric Assay of f at; A^y^Y Organs were dissected from animals 

15 s anrifir r d in a CO2 chamber at periods from 1 to 21 days following aerosolization, 
washed in cold phosphate buffered saline (PBS), and homogenized "«"g a hand- 
held tissue homogenizer in 250 mM Tris-HCl, pH. 7.5, containing 5 mM EDTA 
for lungs and spleen and 250 mM Tris-HCl, pH 7.5, containing 5 mM EDTA 
plus the protease inhibitors aprotinin, E-64, and leupeptic (Boehringer Mannheim) 

20 for liver, heart and kidneys. The inhibitors prevent degradation of acetylated 

chloramphenicol species generated during the assay, thereby allowing optimal 
detection of CAT expression. 

Following homogenization of die tissue, cells were lysed by three 
freeze/thaw cycles, the lysate heated (65°C for 10 minutes), and centrifugated 

25 (16,000 x g, 2 minutes). The protein concentrations of the extracts were measured 

using a Coomassie blue-based assay (Bio-Sad). Protein concentrations were 
normalized and a volume of extract added to 10 /d of 100 mM acetylCoA (Sigma), 
0.3 fiCi of ("CJ-labelled chloramphenicol (Amersham), and distilled water to a 
final volume of 180 jd, and allowed to react at 37°C for 8-10 hours (Gorman et 

30 al. (1982) supra) . Following the reaction, the acetylated and unacetylated 

chlora mphenic ol species were extracted with cold ethyl acetate, spotted on silica 
TLC plates, and developed with a chloroform:methanol (95:5v/v) solvent. The 
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TLC plates were exposed to photographic film (Kodak X-OMAT) for one to three 
days, then evaluated by visual inspection. 

Preparation of Genomic DNA and Southern qyfrrS^^^inin Immediately 
following aerosolization, mice were sacrificed and their lungs removed. Genomic 
5 DNA was isolated and analyzed by Southern hybridization (Sambrook et al. (1989) 

supra) using a Hybond N + membrane (Amersham). A CAT probe was prepared 
from al.6 kb fragmmt of the CAT gene labelled with cr-f^dATP by random 
priming, which yielded a probe with an approximate specific activity of 2 x 
KPdpm/fig. Afler hybridization, the membrane was washed three times in 2xSSC, 

10 0.1%SDS at 65°C for 20 minutes and exposed to film far 24 tours. la order to 

determine the approximate transfected CAT gene copy number, blots were also 
hybridized with a 1.1 kb BSU 36-1 single copy probe from a mouse factor VIH-A 
genomic done (Levinson et al., Genomics (1992) 13: 862-865). Relative amounts 
of the CAT plasmid deposited in individual mouse lungs were qnanritated by 

15 phosphorimagining analysis using a Molecular dynamics 400 A phosphorimaginer 

(Johnson et dL, Electrophoresis (1990) 11: 355-360). The amount of retained 
probe in each lane fallowing hybridization with the CAT probe was normalized to 
the amount of DNA loaded per lane using the counts measured after hybridization 
with a Factor VIH-A single copy probe. 

20 Tn Situ Trnimrnnrfiymirpl fining for ynfY^f At selected time points 

fallowing aerosolization, mice were sacrificed and their lungs immediately 
removed. The lungs were slowly inflated with phosphate buffered saline (PBS) 
containing 33% by volume OCT (Miles, Inc.), placed in a tissue cassette filled 
with OCT, and frozen in 2-methylbutane chilled in a dry ice/ethanol bath. 

25 Cryosections were cut at 5 jim and collected onto salinized slides. CAT was 

detected after fixation of cryosections for 10 minutes in either 4% acetone or 2% 
paraformaldehyde in PBS containing 0.1% Tween 20 (PBST). All subsequent 
dilutions and washes were also done in PBST. 

Following fixation, sections were washed three times (5 minutes 

30 each) then covered with 10% normal rabbit serum far 10 minutes at 20°C. The 

serum was replaced with diluted (1:500) rabbit polyclonal antibody against CAT 
(Drs. Parker Antin and David Standring, UCSF Medical Center). The antibody 
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coveted section was gently overlaid with a siliconired coverslip and incubated in a 
humid chamber at 4°C for 24 hours. Slides were men warmed to 20°C and 
washed three times. Hie presence of bound rabbit antibody against CAT was 
detected by covering sections with biotinylated, affinity purified, goat anti-rabbit 
antibody (Vector Laboratories) diluted 1:300 for 1 hour, followed by washing (3 x 
10 minutes) and replacement with streptavidin labelled with alkaline phosphatase 
(Zymed, South San Francisco) for 20 minutes. Immobilize alkaline phnqihata^ 
was d etected using AP-red (Zymed) as the chromogen, with *nApgjmmn «iir*iini» 
phosphatase being inhibited with levamisole (Zymed). To control for potential 
spurious adherence of the streptavidin conjugate to bronchiolar epithelium, some 
sections were treated with free avidin and biotin prior to application of the primary 
antibody. Other controls, run concurrently, included me use of normal rabbit 
serum in place of primary antibody and the use of lung tissue from untreated mice. 
Photo-microscopy was performed using Kodak Ektachrome 64T film X50 (Fig. 6 
15 AJ>) and X250 (Fig. 6 B,C,E,F). 



10 



20 



30 



Initially, mice were exposed either to an aerosol generated from a 
solution containing 12 mg of a CMV-CAT expression plasmid alone or to an 
aerosol generated from a solution containing 12 mg of CMV-CAT complexed to 
24 /tmoles of DOTMA:DOPE (1:1) liposomes. Aerosols were administered to 
animals after they were placed individually in nose-out cones and inserted into an 
Intox small animal exposure chamber. The mice showed no apparent ill effects or 
respiratory distress either during or after aerosol exposure. Figure 7 shows the 
25 results of CAT assays from extracts of the lungs of mice sacrificed 72 hours 

following aerosol adniinistration. Significant CAT gene expression was seen only 
in mice exposed to aerosolized DNAAiposome complexes. 

How long CAT protein was present in the lungs of mice and 
whether expression of the reporter gene was limited to the lung was also 
investigated. Despite iriter-aiiimal variation, high levels of CAT activity are 
present for at least 21 days following a single aerosol dose of DNA/hposome 
complexes (Fig. 8A). No CAT activity was detectable in extracts from the heart, 
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spleen, kidneys or liver of animals that showed high level expression in the lung 
(Fig. 8B), suggesting that txansgene expression following aerosol delivery is 
restricted to the lung. This is consistent with prior observations showing that 
penetration of vay hi gh molecular weight substances through the respiratory 

5 ppj fo efoiTn nf normal animals is very limited. Hasmid DNA/liposome complexes 

have molecular weights greater than 10* daltons. 

Although the small animal exposure chamber used in lhese 
experiments is designed to efficiently deliver a uniform aerosol dose to up to 48 
animals, we have observed significant variations in the level of CAT activity in the 

10 lungs of mice within a single experiment One po&ible explanation for this 

variability is that the amount of DNA/liposome complex deposited in the lungs of 
mice is not uniform. In order to test this hypothesis, initial lung deposition of 
liposomes was measured using fluorescence analysis and initial lung deposition of 
DNA was measured using Southern blot analysis. 

15 Aerosolized cationic liposomes alone or DNA/liposome alone or 

DNA/liposome complexes containing 0.5 mole percent of afluorescently labelled 
lipid, rhodamine-phosphatidylethanolamine, were administered to mice. 
Immediately following aerosolization, the animals woe sacrificed and their lungs 
removed, homogenized and Tho^ a ™ nft fluorescence measured using a fiuorimeter. 

20 The recovered fluorescence per animal was 0.06% ± 0.02 (S.D.) of the total 

amount aerosolized. This suggests that less than 10 fig out of the 12 mg of DNA 
aerosolized per experiment was actually deposited in the hmg. In addition, there 
was no cigmfiranf difference in lipid deposition between animals receiving 
liposomes alone and those receiving the DNA/liposomes complexes. Since it is 

25 possible that a disruption of the complex could have occurred during nebulization, 

the amount of CAT gene deposited dining aerosolization (Fig.9) was also assessed. 
Immediately following aerosol delivery of DNA/liposome complexes, mice were 
sacrificed and total lung DNA prepared. Southern blots were probed with apP]- 
labelled CAT gene. Labelled bands woe scanned and demonstrated less than a 4- 

30 fold difference in pJasmid deposition between animals in the same experiment 
(Fig. 9). These results suggest that the mouse to mouse variation in CAT gene 
levels following aerosol delivery (up to ten-fold) is not only a function of the 
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amount of complex initially deposited in the lung, but also may reflect differences 
in the site of uptake, rate of lung clearance, and/or variation in the ability of 
different lung cell types to express the transgene. 

To determine the types and percentage of lung cells which were 
5 transfected in mo, lungs of mice sacrificed 72 hours following exposure to an 

aerosol containing DNA/Bposome complexes were eryosectioned, probed with a 
jx>lyclonal anti-CAT antibody and counterstained to detect intracellular CAT 
protein (Fig. 6). Lung sections taken from DNA/liposome treated mice had a 
diffuse immunostaining pattern involving bronchiolar and alveolar components. 

10 The brondxiolar epithelial cytoplasm stained with greatest intensity and uniformity. 

CAT antigen was detected (as demonstrated by red staining) in nearly all 
conducting airways with only rare individual or 2-3 cell clusters not staining 
(Fig. 6 A3)- The diffuse alveolar pattern was due to moderately intense staining 
of the majority of alveolar lining cells (Fig. 6Q. These areas occasionally faded 

15 into small, randomly scattered regions where lining cell staining was feint. Focal, 

intense staining (arrows) occurred in the cytoplasm of scattered, individual, 
alveolar lining cells (Fig. 6C). Controls included substitution of the primary 
antibody with normal rabbit serum (Fig. 6D) and use of lung sections from 
untreated animals (Fig. 6 E,F). Immunostaining was not detectable in either of 

20 the control preparations. Examination of multiple sections of lung from treated 

and control mice demonstrated no significant lesions which would indicate adverse 
effects of the aerosol treatment 



25 HiPti level airway expression nf tho hjnp^ fFTP 

gene hi mouse fangs nftor aerosol admini stration of 
DDABrcholesterol Mposome-pZN32 compter^ 

Anfanalq 

30 Two months old, female, ICR mice obtained from Simonsen, 

Gilroy, CA, were used. 
Preparation of plasmM J%fifa 
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The plasmid liposome used, pZN32, contains the human CFTR gene 
coding legion fused to the human cytomegalovirus imm&tifttt* early promoter- 
enhancer dement shown in Figures 3-5 attached hereto, A full restriction map of 
the immediate early enhancer and promoter region of HCMV (Towne) and HCMV 
5 (AD169) is provided in Figs. 11A and 11C The two sequences are compared in 

Fig- 11B. pZN32 was purified using alkaline lysis and ammonium acetate 
precipitation, and the nucleic acid concentration measured by UV absorption at 
260 nm. 

Preparation of cafrmfc Enid cairiers. 
10 lipid canim were prepared as sn^ 

(approximately 100 nm in diameter) containing the cationic lipid DDAB (dimethyl 
dioctadecyl ammonium bromide) as DDAB cholesterol in a 1:1 molar ratio. 
DDAB was purchased from Sigma, St Louis, MO, and cholesterol was purchased 
firom CalBioChem, San Diego, CA. Stock solutions of the lipids were dissolved 
15 in chloroform. lipids were mixed in a round-bottomed flask and evaporated to 

dryness on a rotary evaporator under reduced pressure. Double distilled water 
was added to produce final lipid concentrations of 10 mM each, and the resulting 
mix was sonicated for approximately 20 mlnntpg in a bath sonicator (Laboratory 
Supplies, Hicksville, NY). 
20 Aernyn| ifelrrery yf pl^id/gpld car rier complexes to mice . 

Twelve mg of pZN32 complexed to 24 jtmols of DDAB:cholesterol 
(1:1 mole ratio) liposomes was aerosolized over two different aerosol periods on 
the same day. To prevent aggregation and precipitation of the oppositely charged 
components, the liposomes and DNA were diluted separately in sterile water prior 
25 to mixing. Six mg of plasmid DNA and 12 pmols of DDAB:cholesterol (1:1 mole 

ratio) liposomes were each diluted to 8 ml with water and mixed. Pour ml of the 
DNA-liposome mixture was then placed into two Acorn I nebulizers (Marquest, 
Englewood, CO), and die animals placed in an Intox small animal exposure 
chamber (Albuquerque, NM). An air flow rate of 4L min" 1 was used to generate 
30 the aerosoL Ninety minutes were required to aerosolize this volume (4 ml) of 

DNA-liposome mixture. The animals were removed from the chamber for 1-2 
hours and then the above procedure was repeated with a second 4 ml dose. 
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ftmrmnphtoorhrenical Sfafainr for the human CFTR nrotein in monse hrnys . 

At selected time points following aerosolization, mice were 
sacrificed and their lungs immediately removed. The lungs were slowly inflated 
with phosphate buffered saline (PBS) containing 3.3% by volume OCT (Miles, 
5 Inc.), then placed in a tissue cassette filled with OCT, and frozen in 2- 

methylbutane chilled in a dry ice/ethanol bath. Cryosections were cut at 5 pm and 
collected onto sialiwrrl slides. CFTR protein was detected after fixation of 
cryose cti on s for 10 minutes in either 4% acetone or 2% paraformaldehyde in PBS 
containing 0.1% Tween 20 (PBST). All subsequent dilutions and washes were 

10 done in PBST. Following fixation, sections were washed three times (5 minutes 
each) with PBST then covered with 10% normal rabbit serum far 10 minutes at 
20 °C. Immunolocalization of CFTR was then performed using an affinity purified 
rabbit polyclonal anti-CFTR antibody, cr-1468, provided by Dr. Jonathan Conn, 
Duke University. The serum was replaced with a-1468, diluted (1:1000). The 

15 antibody-covered section was gently overlaid with a siliconized coverslip and 

incubated in a humid chamber at 4°C for 24 hours. Slides were then wanned to 
20°C and washed three times. The presence of bound rabbit antibody against 
CFTR was detected by covering sections with biotinylated, arfirdty-purified, goat 
anti-rabbit antibody (Lipid carrier Laboratories), diluted 1:300 for 1 hour, 
20 followed by washing (3 x 10 minutes) and replacement with streptavidin labelled 

with alkaline phosphatase (Zymed, South San Francisco) for 20 minutes. 
Immobilized alkaline phosphatase was detected using AP-red (Zymed) as the 
chromogen; endogenous alkaline phosphatase was inhibited with levamisole 
(Zymed). Other controls, run concurrently, included the use of normal rabbit 
25 serum in place of primary antibody and the use of lung tissue from untreated mice. 

Photo-microscopy was performed using Kodak Ektachrome 64T film at X50 and 
X250. 

Results. 

30 Photomicrographs of frozen sections (viewed at different 

magnifications) of mouse lung 48 hours following aerosol exposure to pZN32- 
DDAB:cholesterol 1:1 mole ratio liposome complexes and lung from untreated 
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control are shown in Figs. 1OA-10E. As demonstrated by the intense staining with 
the polyclonal anti-CFTR antibody, a-1468, the overwhelming majority of the 
airways were transfected with the human CFTR gene. See Figs. 10A, IOC and 
10E. By visual inspection, essentially all the cells in transfected airways stain 
5 positively, dfmnntfrari^ majority of airway cells are 

transfected with the human CFTR gene in vivo with a single aerosol dose of 
pZN32 complexed to DDAB-choIesterol 1:1 mole ratio liposomes. Representative 
sections are shown in Figure 10. There was no histologic evidence of lung 
damage, inflammation or edema present in any of the pZN32-DD ABccholesterol- 

10 1:1 mole ratio liposome-treated animals. pZN32-DDAB:cholesteoH:l mole ratio 

liposome-treated and control animals could not be distinguished histologically. 
Significant expression of die human CFTR gene is present in at least 50% of all 
the airways and at least 50% of all of the airway lining cells (by visual inspection) 
in mouse lungs for at least 60 days following a single aerosol dose of pZN32 

15 complexed to DDAB-cholesterol 1:1 mole ratio liposomes. Frozen sections of 

mouse lungs from control animals (Figs. 10B and 1QD) do not show any detectable 
staining for CFTR, ^firming that all the CFTR expression present in Fig. 10A, 
10C and lOEis due to transfection of lung ceQs with the human CFTR gene. 

26 . Example IY 

Efficient transection of a variety of human lung cancer 
cell lines using cationic Kposom^mrcfiafed delivery of DNA. 

Method : 

Cell Culture: NC1-H69, NO-H82, and NCI-H520. H69 and H520 ceils were 
25 grown in RPMI-1640 with 10% fetal bovine serum (FBS) and H82 cells were 

grown in Dulbecco's minimum raff^ai medium (DME)-H21 with 10% FBS. 
liposome preparation: liposomes were prepared as follows: a total of 4 /imoles 
of lipid dissolved in chloroform, (or in ethanol (DOTMA)) were evaporated to 
dryness on a rotary evaporator. One ml of 50 mM Tris, 0.5 mM EDTA, 50 mM 
30 NaCl, 100 mM ZnQ^ buffer per 20 mmoies of lipid was added, and die mixture 

was sonicated in a bath sonicator (Laboratory Supply Co., Hicksville, NY) for 20 
min. The resulting liposomes have an approximate mean diameter of 100 ± 25 
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nm. Hie following liposome preparations were used: pure DOTMA, 
DOTMArchol in a 2 to 1 molar ratio, pure L-PE or L-PE:chol-b-ala in a 6 to 4 
molar ratio. 

Cellular transection- For transection of cells, 2 x 10 6 cells in 4 ml of serum-free 
medium were plated in 100 mm plastic petri dishes (Falcon, Oxnard, CA). The 
plasmid DNA-liposome complex was prepared by first adding 1) DNA and then 
2), liposomes and mixing gently. The complex was then suspended in 1 ml of 
serum-free medium and added to the cells. Four hours later, the cells were 
washed twice, resuspended in 10 ml of serum-containing medium, and 
subsequently harvested, either 44 hours later. Just prior to harvesting, the cells 
were washed 2 times, and the plates were then scraped with a rubber policeman. 
The cells were centrifugated at 1,000 x g for 5 min, and 0.135 ml of 0.25 M Tris 
buffer was added to each pellet The cells were freeze-thawed 3x, heated at 65°C 
for 10 min, and spun at 12,500 x g for 10 min. The supernatant was assayed for 
protein and 20 fig of supernatant protein per sample was used to measure CAT 
activity, as described above. 

B&nHs: The ability of canonic liposomes to mediate transfection of two different 
human small cell lung cancer lines (H-69 and H-82) and a squamous cell lung 
cancer line (H-520) was assessed. All three lines were very efficiently transfected 
by RSV-CAT when complexed to 3 different canonic liposome formulations. 
These human cell lines were either as or more efficiently transfected than rodent 
cell lines transfected under comparable conditions. 
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As shown by the above results, a angle aerosol dose of an expression 
liposome, containing a gene of interest, complexed to cationic liposomes transfects 
the majority of the cells lining both the conducting airways and the alveoli of the 
lung, tibe gene product is present in the lung for at least 60 days, the expression 
5 apneas Jd be limg-speciiic, and there is no histological evidence of damage 

following exposure. Thus, the aerosolized cationic liposomes mediate efficient 
transfection of non-dividing as well as dividing cells. This is important because 
*Easy-aitway epithelial cells are well differentiated and divide slowly or not at all. 
The lipid carriers appear to be both well tolerated and non-immunogenic. 
10 Additionally, the effects of repeated aerosol administration of the DNA/liposome 

complexes is effective and is non-toxic. The cationic liposome-mediated DNA 
delivery by aerosol provides high level, lung-specific transgene expression in vivo. 

All publications and patent applications are herein incorporated by 
reference to the same extent as if each individual publication or patent application 
15 was specifically and individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one 
of ordinary skill in the art that many changes and modifications can be made 
thereto without departing from the spirit or scope of the appended claims. 
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WHAT IS fTT^ATMFn 

1. A composition comprising: 

a nebulized tiansfection agent, prepared by nebulizing a mixture comprising 
complexes between transcription cassettes or expression cassettes and cationic lipid 
carriers in a pharmaceutical^ acceptable carrier or diluent, wherein said mixture is 
substantially free of macroaggregates of said complexes and wherein said 
transcription ra.wittps or expres/don rassetteg cnrnpnu* * hma ^ ?ff n r t » rapattr 
of producing a transcription product in a mammalian cell txansfected by said 
nebulized transfection agent 

2. The composition according to Claim 1, wherein said DNA sequence 
comprises an inducible promoter. 



3. The composition according to Claim 2, wherein said inducible promoter 
15 is a cell specific promoter, a tissue specific promoter or a hormone responsive 

promoter. 

4. The composition according to Claim 2, wherein said DNA sequence 
comprises an SV40 enhancer element whereby transcription from said promoter is 

20 enhanced. 

5. The composition according to any one of claims 1 to 4, wherein said 
cationic lipid carrier comprises a lipid selected from the group consisting of 
2,3^okyloxy)prqpyl]-N^^^ (DOTMA); dimethyl dioctadecyl 

25 ammonium bromide (DDAB); l,2Htioleoyloxy-3^trimethylammonio) propane 

(DOTAP); lysinylphosphatidyl-ethanolamine (L-PE); 
distearoy^hosphatidylethanolamine (DOPE); and cholesterol (Choi), 

6. The composition according to any one of Claims 1 to 4, wherein 

30 said cationic lipid carrier comprises cholesterol and a lipid selected from the group 

consisting of N[l-2,!^<fioleyloxy)pn^ (DOTMA); 
dime%ldioctadecylammo (DDAB); l,2-dioleoyloxy-3- 
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(trimethylammonio)propane (DOTAP); and lyanylphosphatidyl-ethanolamine (L- 
EE). 

7. Hie composition according to any one of Claims 1 to 4, wherein said 
; cationic lipid earner comprises distearoyl-j>hosj>r^yletfaanolarnuie (DOPE) and 

a lipid selected from the group consisting of N[l-2,3Hfideykwy)propyr|-N,N,N- 
triethylammonium (DOTMA); dimethyMocaadecylarnmomumbromide (DDAB); 
l,2^oIeoyloxy-3<tiimethylamnionio)prc^ane (DOTAP); and lysmylphosphatidyl- 
ethariolainme (L-PE). 

8. The composition according to any one of Claims 1-7, for use in a 
method of treatment or therapy of the human or animal body. 

9. The composition for use according to Claim 8 in a method of inhibiting 
15 growth of tumor cells in a mammal. 

10. The composition for use according to Claim 8, in a method of 
providing or enhancing production of a polypeptide in cells in lungs of a mammal. 

20 

11. The awnposition for use according to Claim 10, wherein said cells are 
distal airway cells or proximal airway cells. 

12. The composition for use according to Claim 10, wherein said cells are 
25 tracheal cells. 

13. The composition for use according to any one of Claims 10 to 12, 
wherein said cells are normal cells. 



30 



14. The use of a compound as defined in any one of claims 1 to 7 for the 
inufacture of a medicament for the treament of the human or animal body. 
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15. Hie composition according to any one of Claims 1 to 4, 

wherein said transcription cassettes or expression cassettes and said cationic 
lipid carriers are present in said mixture in a ratio in the range of from about 4:1 
to about 1:10 micrograms DNA to nanomoles of cationic lipid. 

5 

16. The composition according to any one of Claims 1 to 4, wherein said 

cariante lipid carriers are small unilamellar wciVIp^ 

17. The composition according to Claim 16, wherein said small 

10 unilamellar vesicles comprise (a) dist^myU^nsj^HdyU^h^nn^m^ (DOPE) and 

N[l-2,3^oleyloxy)propyl>N^ (DOTMA) or (b) 

dimethyldioctadecyl-am^ (DDAB) and cholesterol. 



18. The composition according to any one of Claims 1 to 4, wherein said 
15 transcription cassettes or expression cassettes and said cationic lipid carriers are 

present in said mixture in a ratio in the range of from about 1:1 to 1:2 micrograms 
DNA to nanomoles of cationic lipid. 

19. A composition for use according to Claim 8 in a method of altering 
20 . the phenotype of cells of a lung of a mammal , 



20. A kit for use in a method of treatment or therapy according to any one 
of Claims 8 to 14, said kit comprising in combination: 
a container containing said transciption cassettes or expression cassettes; 
25 another container containing a specific amount of cationic lipid carriers; and 

instructions. 
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